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Abstract 
The study was conducted to evaluate the effect of feeding urea-
treated groundnut hulls (silage) and molasses on the performance and 
carcass characteristics of Hammari desert sheep lambs, at Elnuhood 
Desert Sheep Research Station, North Kordofan State, to meet the feed 
shortage during summer.  The duration of the experiment was ninety 
days. Sixty desert sheep lambs (thirty males + thirty females) of 6 months 
age and 23.4 kg average live weights were divided into three equal 
groups (A, B and D).  Groundnut hulls treated with 5 % urea was ensiled 
for 30 days. The lambs were fed a ration containing 77% silage and 23% 
molasses.  Group A offered 400gm silage and 120 gm molasses per day, 
group B offered 200 gm silage and 60 gm molasses per day and group C 
(the control) was left to graze the natural pasture freely. Live weight gain 
and linear body measurements were recorded. Slaughter weight, carcass 
characteristics, chemical compositions and meat quality attributes were 
determined.   
The results revealed that the total body weight gain was 
significantly (P<0.001) different among the groups; group A showed the 
highest total weight gain (2.29 kg) and group C (0.46 kg) the least one; 
however males (1.75kg) recorded the higher value than females (1.07 kg) 
.The body measurements were not significantly different among treated 
groups, but were significantly (P<0.01) higher in males. 
Lambs fed with supplemented ration had the greater values for slaughter 
weight (26.25 and 23.69kg), subcutaneous fat thickness (0.34 and 0.28 
mm), eye muscle area (9.2 and 8.9 cm2) and dressing out percentage (41.7 
and 41.4%) than the control group (22.25kg, 0.20 mm, 8.0 cm2 and 41.0 
%). Commercial wholesale cuts and non carcass component weights were 
not significantly (P>0.05) different among treatment groups but between 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
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sexes were significantly (P<0.05) different. Chemical compositions of 
meat showed no significant differences among treatment groups except 
for ash percentage which was significantly (P<0.05) higher in group C 
(0.99%) and B (0.98%) than group A (0.85%).  Males had significantly 
(P<0.01) higher eye muscle area, water holding capacity, moisture and 
protein percentage however females had significantly (P<0.01) higher 
subcutaneous fat thickness and fat percentage. No significant differences 
were shown in meat sensory panel characteristics   among the groups and 
between sexes. 
The study concluded to that urea-treated groundnut hulls (silage) 
and molasses were excellent feeding supplement for desert sheep lambs 
during summer  
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Chapter one 
Introduction 
Sudan is characterized by vast areas of range and arable land ĞƐƟŵĂƚĞĚĂƐϮϴϬ
million fedans, which is either rain-fed or irrigated. This country has a large 
population of livestock estimated to be ϭϬϯ millions head of which Ϯϵ͘ϰ, ϯϵ͘ϭ, 
ϯϬ͘ϱ ĂŶĚϰ͘ϲ millions head of  cattle, sheep, goat and camel respectively 
(Ministry of Animal Resources and Fisheries (MARF, ϮϬϭϬ). KǀĞƌϲϬйŽĨƚŚĞ
estimated figure of sheep is desert sheep which are well known for production 
of good quality meat for local consumption and export. Meat is a valuable food 
for human as it contributes to tissue building in addition provides energy, 
vitamins, protein and minerals.  It is an important item in the human diet of 
the Sudan, beside the daily consumption there are many occasions and 
celebrations in the Sudanese people's life in which animals particularly sheep 
are slaughtered (El Gaili, ϭϵϳϬͿ͘ 
There is a considerable gap between supply and demand of meat in the whole 
world due to many factors such as increase consumption of meat as a result of 
improvement in the standard of living of many people, increasing the human 
population of the world and the slow growth in live weight and flock size due 
to traditional husbandry specially in the developing countries. This is clear for 
ƚƌŽƉŝĐĂůƐŚĞĞƉǁŚŝĐŚƌĞƉƌĞƐĞŶƚϱϬйŽĨƚŚĞsheep world population, but 
contributes ůŝƩůĞƚŽƚŚĞǁŽƌůĚƚŽƚĂůƐƵƉƉůǇ;&K͕ϭϵϴϯͿ 
dŚĞĚĞƐĞƌƚƐŚĞĞƉĂƌĞĚŝƐƚƌŝďƵƚĞĚŶŽƌƚŚŽĨůĂƟƚƵĚĞϭϬϬ, extending eastward into 
Eritria and westward into Chad (Wilson, ϭϵϵϭͿ͘Desert sheep of the Sudan 
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comprises seven sub-types, namely Kabashi, Hammari, Meidob, Beja, Butana, 
'ĞǌŝƌĂĂŶĚtĂƟƐŚ;DĐůĞŽƌǇ͕ϭϵϲϭͿ͘dŚĞĚĞƐĞƌƚsheep is raised mainly under 
extensive nomadic conditions depending on natural grazing. Fattening of 
sheep is rarely practiced. Feed resources available in Kordofan states are 
mixture of thorny trees, herbs, grasses, agricultural residues (Groundnut hay, 
sesame stalk and sorghum straw) and agro-industrial by-products (oil seed 
cakes, groundnut hulls and wheat bran (Yehia, ϮϬϬϮͿ͘ 
During the rainy season range pastures supply adequate feed for free grazing 
animals and provide satisfactory levels of production, but during the long dry 
season, pasture dry up and the available herbage can't satisfy the maintenance 
requirements of the livestock; thus reflect on losses of body weight, reduced 
productivity, decrease lambing rates and increase in mortality rates. The 
solution of this problem is the supplementation of the available hay to 
maintain survival of the animals. Oil seed cakes and cereal grains can 
efficiently be used as feed stuff but they are expensive. 
Research results clearly demonstrated that there are huge a mounts of 
agricultural and agro-industrial by- products e.g. sorghum straw, groundnut 
haulm and hulls, wheat bran bagasses, and molasses, that could be efficiently 
utilized in feeding ruminants contributing up to ϭϭйŽĨƚŚĞƚŽƚĂůƌĞƋƵŝƌĞŵĞŶƚƐ
ŽĨƚŚĞĂŶŝŵĂůƵŶŝƚ;ůŚĂŐĂŶĚ<ƵƌĚŝ͕ϭϵϴϰͿ͘ 
In North Kodofan state, groundnut is grown by most of the villagers and sold 
as cash crop. The expanding milling industry in this region offer large amounts 
of groundnut hulls. In general it's a poor quality feed stuff with  crude protein 
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and energy cotent about ϱ͘ϳĂŶĚϳ͘ϯD:ͬ<ŐƌĞƐpectively, (Suleiman and 
Mobarouk , ϭϵϵϵ).  The biological treatment of the groundnut hulls, through 
ensilage seems to be the best treatment method under the condition of Sudan 
(Elhag and Hamad; ϭϵϴϯͿ͘ 
The overall  objective of this work is to utilize the huge amounts of agro-
industrial by-product mainly groundnut hulls  as a supplement feed during dry 
summer season  to improve productivity and reduce mortality rates of lambs 
(hammari sheep )in  North Kordofan state,  
Objectives of the study are: 
ϭ- To improve the  nutritive value of  ground nut hulls by pretreatment 
with urea  and ensilage to formulate a cheap ration  
Ϯ- To evaluate the effect of feeding urea-treated groundnut hulls and 
molasses on performance and carcass characteristics of desert sheep 
lambs 
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Chapter Two  
Literature review 
2. 1 Sheep of Africa 
                                     ĐĐŽƌĚŝŶŐƚŽtŝůƐŽŶ͕;ϭϵϵϭ) sheep of Africa include:      
1. Black Mour (Zaghawa): 
Originate in Mauritania, Chad and Sudan, they are raised mainly for meat 
and hair production. 
2. Sudan desert: 
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Mainly in Sudan and raise mainly for meat, milk and skin production. 
3. Sahel (West Africa Fellata): 
Found in Mali and Niger, they are kept for meat and skin production. 
4. Macina: 
      Found in Mali and Niger, mainly they are wool and meat producer. 
5. East African fat tailed: 
Found in Ethiopian highland and Somalia, they are raised for milk and 
meat production. 
6. Masi sheep: 
Found in Kenya, they are meat and skin producer. 
7. Sahel × Forest (Nilotic): 
        Mainly found in Mali and semi-arid and sub-humid area, they are meat 
producer. 
8. Black head Persian (Droper): 
      Found in Kenya upland semi-arid zone, they are raised for meat 
production. 
 WĂǇŶĞ;ϭϵϵϮͿƐƚĂƚĞĚƚŚĂƚƚŚĞƌĞĂƌĞĨŽƵƌŐƌŽƵƉƐŽĨƐŚĞĞƉďƌĞĞĚƐŝŶAfrica; 
these are thin-tailed hairy sheep, thin-tailed coarse woolled sheep, fat-tailed 
coarse woolled sheep and fat rumped sheep. Today there are two separate 
groups of thin-tailed hairy breeds, semi-arid Savannah type (such as Fulani, 
Tuareque and Sudanese desert breeds) and forest type (such as Nilotic of 
southern Sudan and the Djallonke or West Africa dwarf). 
2. 2 Animal population in the Sudan 
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ƐƐĞĞŶŝŶƚĂďůĞ;ϭͿ estimated population of animals in the Sudan of which The 
estimated population of animal for Kordofan states (North and South 
<ŽƌĚŽĨĂŶͿĨŽƌĐĂƩůĞ͕ƐŚĞĞƉ͕ŐŽĂƚĂŶĚĐĂŵĞůǁĞƌĞϴ͘ϯ͕ϭϬ͘ϯ͕ϳ͘ϬĂŶĚϭ͘ϳ
millions head respectively (MARF ͕ϮϬϭϬ). 
Sudan desert sheep estimated as Ϯϳ͘ϴйŽĨƚŽƚĂůlivestock; which were 
traditionally exported to Arabic countries whose preference is for mutton 
(MƵīĞƌŝŚ͕ϭϵϴϱͿ͘Sheep play an important role in the Sudan national income 
as it represents the bulk of livestock export to the regional countries table (ϭͿ. 
Sheep were popular source of red meat for local consumption and foreign 
earning. The economic importance of sheep depends on the value of their 
ŵĞĂƚ͕ŵŝůŬ͕ĮďĞƌƐĂŶĚƐŬŝŶ;ĞǀĞŶĚƌĂĂŶĚDĐůĞŽƌǇ͕ϭϵϴϮͿ͘dŚĞŝƌŵĂŶƵƌĞŝƐ
used as soil fertilizer in many countries. 
2. 3 Sheep of Sudan  
  MclĞƌŽǇ;ϭϵϲϮͿĐůĂƐƐŝĮĞĚƐŚĞĞƉŽĨ Sudan on basses of their relative 
adaptability to different environmental condition into five basic ecotypes and 
three fused ecotypes as follows. 
ϭ. Ecotype Sudan Desert: 
 
dĂďůĞ;ϭͿ͗Estimate numbers of livestock and meat exported during the years 
ϮϬϬϵ-ϮϬϭϬ                                       
 Cattle  Sheep Goats Camel Total Year 
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Animals No. 
(thousand head)
 
22610 ϯϴϰϭϵ ϯϭϱϯϭ ϰϯϮϮ 96227 2009 
 29358 39137 30452 4623 103570 2010 
Live animal  
exported(heads) 
19265 1510996 104630 154477 1789368 2009 
 55130 1813926 120693 172151 2111945 2010 
Meat exported 
(tons) 
18.4 1765.6 1 - 1784 2009 
 991.3 4126.5 4.7 0.5 5123 2010 
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Include seven tribal breeds namely Butana, Gesira, Watish, Kababish, 
Meidob, North Riverain wolled and Beja. 
2. Ecotype Sudan Nilotic: 
         Include Dinka, Shelluk, Nuba Mountain and Mangalla. 
3. Ecotype Arid upland: 
Include Zaghawa sheep. 
4. Ecotype Arid Equatoria: 
Include sheep of Topsa tribe. 
5. Ecotype West African Fulani: 
Include M,Bororo sheep. 
6. Fused ecotype Sudan Desert × Sudan Nilotic: 
Include Western Baggara and Fung. 
7. Fused ecotype Sudan Desert × Arid upland: 
Include animals resulting from cross of Zaghawa × Meidob. 
8. Fused ecotype Sudan Nilotic × Arid Equatorail (Murle): 
Include Murle tribal breed.  
2. 3. 1 Sudan Desert Sheep 
 According to ( McleroǇ͕ϭϵϲϭͿƚŚĞ^ƵĚĂŶĞƐĞƌƚ^ŚĞĞƉĐŽŶƐƟƚƵƚĞƐϴϬйŽĨ
sheep population, they provide the bulk of the mutton.  The most distinctive 
features of Sudan Desert Sheep are the shape of the head, face and tail. The 
forehead is convex and slopes downward into a roman nose. Ears are rather 
large and pendulous, and the neck is long and thin in ewes and rather thick in 
rams. All females and most males are polled and horns varying from bud to 
large size. The tail is thick tapering ĂŶĚůŽŶŐ;ĂďŽƵƚϳϬйŽĨǁŚŝƚŚĞƌŚĞŝŐŚƚͿ͘dŚĞ
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coat is hairy and of various colours, including red (Hammari), brown and dark 
(Kababish), yellow brown (Shugar) and other multi colours (McleroǇ͕ϭϵϲϭ͖
DƵīĂƌƌŝŚ͕ϭϵϵϭĂŶĚ^ƵůŝĞŵĂŶet al ͘ϭϵϳϴͿ͘ 
Sudan desert sheep are reared strictly at the semi-desert belt of the Sudan in 
association with camels, they are owned exclusively by nomadic tribes of Arab 
origin or other groups closely related tŽƚŚĞŵŝŶƌĞŐŝŽŶ;DƵīĞƌŝŚ͕ϭϵϵϭ). 
Sudan Desert Sheep are also classified into tribal subtype e.g. Hammari, 
ŬĂďĂƐŚŝ͕ĂŶĚ^ŚĂŶďĂůŝŝŶŶŽƌƚŚĂŶĚǁĞƐƚ<ŽƌĚŽĨĂŶƐƚĂƚĞƐ;DƵŬŚƚĂƌ͕ϭϵϴϱͿ͘
Shugar, Dubasi and Watish in the central states (Sulieman et al͕͘ϭϵϵϬͿ 
 Kababish tribal breeds are to be considered prototype or model from which to 
discuss and compare all other related tribal breeds within this ecotype. They 
include not only the sheep of kababish tribal proper, but also the animals in 
full or part of such Arab tribes, include Hamar, Kawahla, Beni Garar, Hawawir, 
Bediriya, Dar Hamid, Hassaniya, Gawamaa and others who collectively occupy 
the general expanse of the country between the Nile and the up land of Darfur 
and roughly north of Kosti Nyala railway line ( McleroǇ͕ϭϵϲϭͿ͘ 
2. 3. 2 Sheep nutrition 
 Nutrition is one of the environmental factors that affect production and 
reproduction in farm animals (Tatman et al͕͘ϭϵϵϬͿ͘ůƚŚŽƵŐŚƚŚĞĐŽŵŵŽŶ
denominator in sheep production is pasture and forage, the ewe has ability to 
utilize a wide variety of feeds ranging from a very high quality grass and 
legume to forbs and browse of varying quality in expensive range condition. It 
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can also use harvested hays, silage and concentrates in confinement (Glimp et 
al͕͘ϭϵϴϵͿ͘ 
  In the tropics, natural pastures are the principal type of forage available for 
sheep. Rage-land grasses in these areas are highly fibrous, lignified and of low 
ƉƌŽƚĞŝŶĐŽŶƚĞŶƚŝŶĚƌǇƐĞĂƐŽŶƐ;&K͕ϭϵϳϱͿ͘ůƐŽƚŚĞŶƵƚƌŝĞŶƚĐŽŶƚĞŶƚŽĨƚŚĞƐĞ
pastures varies greatly and at various times during the year especially during 
the dry season when the nutritive values decline sharply and inadequate for 
the sheep flock, as a result productivity of the animals adversely affected, and 
supplementary feeding is desirable for range land flocks (ElHag ͕ϭϵϵϮ).   
2. 3. 3 Farming system 
2. 3. 3.1 Crop production  
The main crops produced in North Kurdofan are millet, sorghum, Karkada, 
watermelons and groundnut. The latter is the main cash crop that produces a 
large amount of groundnut hay and hulls which cold be used in large scales for 
feeding animals. 
2. 3. 3.2 Animal production 
 There is a good potential for animal production in North Kurdofan State due 
to the presence of vast natural pastures and agricultural residues and by-
products. Sheep, camel, goat and cattle are reared in the area. 
2. 3. 3.3 Sheep management in North Kordofan State 
Elnuhood Locality is famous for raising desert sheep especially Hammari 
subtype, which is the best meat producer for local consumption and export. 
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Estimated sheep population in North KuƌĚŽĨĂŶ^ƚĂƚĞŝƐϳ͘Ϭϴϯmillions heads 
(MARF, ϮϬϬϴͿoĨǁŚŝĐŚϮ͘ϭϮŵŝůŝŽŶƐĂƌĞĨŽƵŶĚŝŶůŶƵŚŽŽĚ>ŽĐĂůŝƚǇ(Veterinary 
Cervices Office, Elnuhood Locality, ϮϬϬϴͿ͘^ŚĞĞƉĂƌĞŚĞƌĚĞĚŝŶŇŽĐŬƐŽĨϮϬϬ-
ϯϬϬŚĞĂĚƐ͕ŵŽƐƚĨĞŵĂůĞƐƌĂŝƐĞĚĂƐďƌĞĞĚŝŶŐƌĞƉůĂĐĞŵĞŶƚĂŶĚďƌĞĞĚŝŶŐƌĂŵƐ
are usually selected with great care with major emphasis on size, confirmation, 
ĐŽůŽƵƌĂŶĚƚŚĞŵŝůŬƉƌŽĚƵĐƟŽŶŽĨĚĂŵ;DŽŚĂŵĞĚ͕ϮϬϬϯͿ͘dŚĞďƌĞĞĚŝŶŐƐĞĂƐŽŶ
is regulated to start in February up to March and the lambing is usually 
expected during the rainy season (July – September) when forages are 
ƉůĞŶƟĨƵů;DŽŚĂŵĞĚ͕ϮϬϬϯͿ͘ The flocks are usually graze up to mid-day when 
they come back to nurse lambs, rest and then graze again up to sunset, 
Livestock and Agricultural Development Co. ;>KͿ͕;ϭϵϵϵͿ͘  
During the dry season there are two grazing periods a day. The first grazing 
period in the early morning and the second in the evening and the latter may 
extend to midnight. Animals rest during the hot hours of the day. Lambs may 
be herded alone or sometimes left to run with their dams until evening. 
Ś^ĞĞƉǁĂƚĞƌŝŶŐĨƌĞƋƵĞŶĐǇŝƐϯ-ϱĚĂǇƐĚƵƌŝŶŐƚŚĞĚƌǇƐĞĂƐŽŶĂŶĚϳ-ϭϬĚĂǇƐ
during the wet and cold seasons. Wells and ground tanks are the main water 
sources during the dry season. Water melon is also commonly used as water 
source in the dry season. 
Grazing animals usually pass through periods of body weight loss due to 
seasonal variation in pasture quality and quantity. Furthermore large range 
areas may be burnt during the dry season causing serious feed shortage and 
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poor nutrition. Therefore feed may be considered an important limiting factor 
ƚŽƐŚĞĞƉƉƌŽĚƵĐƟŽŶŝŶƚŚĞƐĞĂƌĞĂƐ;>K͕ϭϵϵϵͿ͘ 
2. 3. 4 Performance of sheep in Sudan 
2. 3. 4. 1 Growth and development 
Growth and development are the basis of meat production, whereas 
distribution of carcass tissues is significant in determining carcass quality 
(Nawaz et al͕͘ϭϵϵϵͿ͘ƌŽĚǇ;ϭϵϰϱͿĚĞĮŶĞĚŐƌŽǁƚŚĂƐŝƌƌĞǀĞƌƐŝďůĞƟŵĞĐŚĂŶŐĞ
in the measured dimensions, this definition over growth in both body size as 
well as weight. Growth is a complex biological phenomenon that involving 
interaction between hormonal, genetic and metabolic factors (Roche and 
YƵŝƌŬĞ͕ϭϵϴϰͿ͘dŚĞǇĂĚĚĞĚƚŚĂƚƉĂƌƟƟŽŶŝŶŐŽĨŶƵƚƌŝĞŶƚƐƚŽĚŝīĞƌĞŶƚtissues 
varies during the growth of the animal; the efficiency of conversion of feed 
into lean meat varies also with the stage of the growth, being higher in young 
animals and lower in mature ones.  The ability of an animal to grow depends 
upon its, breeding, sex and most important the level of nutrition offered, 
;WĂǇŶĞ͕ϭϵϵϮͿ͘ůƐŽŚĞĂĚĚĞĚƚŚĂƚ͕ƚŚĞŶŽƌŵĂůŐƌŽǁƚŚĐƵƌǀĞĨŽƌĂŶŝŵĂůĨƌŽŵ
birth to physical maturity, when live weight is plotted against time, is sigmoid 
or (S) shaped. There is a period of slow growth immediately after birth, 
followed by a more rapid increase until puberty, after which the growth rate 
slows down and finally ceases once physical maturity reached.  
The growth rate is determined by the genotype of the animal; however it 
might be greatly influenced by many factors that actually affect the energy 
content of each unit gain and the efficiency of sorting the energy consumed as 
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body gain. These factors suggested being breed, sex, stage of maturity, 
nutrition and the climatic conditions McDonald et al͕͘;ϭϵϵϱͿ͘ The 
development of the body components found to be timed according to their 
ĨƵŶĐƟŽŶŽĨůŝǀĞ;,ĂŵŵŽŶĚ͕ϭϵϯϮͿ͘dŚĞŶĞƌǀŽƵƐƐǇƐƚĞŵĚĞǀĞůŽƉƐĞĂƌůǇ͕
followed by essential organs, bone, muscle and fat. In case of starvation, fat 
growth will be the first tissue to be affected and with further feed restriction, 
the rate of muscle growth would be retarded. 
Composition of the body showed variation in protein and water in first few 
weeks after birth and is enriched in lipids and its energy value increase as the 
lambƐŐĞƚŽůĚĞƌĂŶĚŚĞĂǀŝĞƌ;,ŽĚŐĞ͕ϭϵϲϲͿ͘ĞǀĞůŽƉŵĞŶƚĂůƐŽƵƐĞĚƚŽ
denote the suitable stage for slaughter and it's more closely related to body 
ǁĞŝŐŚƚƚŚĂŶĂŐĞ;ĂƌůĞƐ͕ϭϵϴϯͿ͘,ĞĂĚĚĞĚƚŚĂƚĂƐůĂŵďŐĞƚƐŽůĚĞƌ͕ƚŚĞŐƌŽǁƚŚ
of viscera, skin, head and feet are slower than the carcass tissues, so that ratio 
of carcass weight to total live weight increases as the lamb mature. Further 
more the ratio of fat to muscle and muscle to bone increases with age. 
There are large differences between years and seasons within years in growth 
rate. Variations between years are due to annual rainfall affection on pasture 
quality and quantity, disease, environmental condition and management 
;tŝůƐŽŶ͕ϭϵϵϭͿ͘ů,ĂŐet al., (ϮϬϬϭ) observed that in North Kordofan, Sudan, 
lambs born during the rainy season had the highest birth weights and the 
ŚŝŐŚĞƐƚǁĞŝŐŚƚƐĂƚϯϬĚĂǇƐŽůĚ͘ 
2. 3. 4. 2 live body weight gains 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϭϰ
 
ů,ĂŐĂŶĚů,ĂŐ͕;ϭϵϴϭͿĚĞŵŽŶƐƚƌĂƚĞĚĂƐƵƉĞƌŝŽƌƉĞƌĨŽƌŵĂŶĐĞĨŽƌůĂŵďƐĨĞĚĂ
ƌĂƟŽŶĐŽŶƚĂŝŶŝŶŐϮϬйĚƌŝĞĚƉŽƵůƚƌǇĞǆĐƌĞƚĂĂŶĚϰϬйŐroundnut hulls as a basal 
diet. El Khider et al͕͘;ϭϵϴϰͿĨŽƵŶĚĂǀĞƌĂŐĞĚĂŝůǇŐĂŝŶϮϬϲ͘ϱŐŵŝŶƐŚĞĞƉŐŝǀĞŶĂ
ĚŝĞƚĐŽŵƉƌŝƐĞƐϱϬйŐƌŽƵŶĚŶƵƚŚƵůƐ͘dŚĞĚŝĞƚĐŽŶƚĂŝŶŝŶŐϯϬйŵŽůĂƐƐĞƐĂŶĚ
ϰϬйŐƌŽƵŶĚŶƵƚŚƵůƐŐĂǀĞƚŚĞďĞƐƚůŝǀĞǁĞŝŐŚƚŐĂŝŶƐĨƌŽŵŵĂůĞůĂŵďƐ;WŽůŽƚt, 
ϭϵϳϵͿ͘ The hulls residue has a better response than Sorghum Stover in feed lot 
performance of Sudan desert goat KƐŵĂŶ͕;ϭϵϴϱ). 
El Khider et al͕͘;ϭϵϴϵͿĨŽƵŶĚƚŚĂƚ͕ĚĂŝůǇŐĂŝŶŽĨĂĚƵůƚǁŝƚŚĞƌǁĂƐϭϯϬŐŵǁŚĞŶ
ĨĞĚŵŽůĂƐƐĞƐƵƌĞĂďůŽĐŬĐŽŵƉŽƐĞŽĨϰϳ͘ϯйŵŽůĂƐƐĞƐ͕ϭϴ͘ϴйǁŚĞĂƚďran, 
ϭϰ͘ϮйƉĞa nut hulls, ϲ͘ϭййƵƌĞĂ͕ϭйĐŽŵŵŽŶƐĂůƚĂŶĚϳ͘ϱйĐĞŵĞŶƚ͘  Lambs 
fed isochoric and is-nitrogenous ƌĂƟŽŶƐĐŽŶƚĂŝŶŝŶŐ;Ϭ͕ϭϬĂŶĚϮϬ%) Roselle 
(karkadeh) seeds revealed no significant effect on final body weight, total and 
daily weight gain, but the weight gain increased linear as karkadeh seed level 
increased in the diet ;ĞƐŚŝƌϭϵϵϲͿ. Ahmed et al., ;ϮϬϬϮͿǁŚŽwere studied the 
ĞīĞĐƚŽĨĨĞĞĚŝŶŐĚŝīĞƌĞŶƚŵŽůĂƐƐĞƐůĞǀĞůƐ;ϯϬй͕ϯϱй͕ϰϬйĂŶĚϰϱйͿŝŶ
ĂĚĚŝƟŽŶƚŽϮϴ͘ϯйǁŚĞĂƚďƌĂŶ͕ϰйŐƌŽƵŶĚŶƵƚĐĂŬĞƐĂŶĚŐƌŽƵŶĚŶƵƚŚƵůƐŝŶ;
ϮϬй͕Ϯϱй͕ϯϬйĂŶĚϯϱйͿůĞǀĞůƐŽŶďŽĚǇǁĞŝŐŚƚŐĂŝŶŝŶǇĞĂƌůŝŶŐƐŚĞĞƉ͕ƚŚĞ
authors found that, the final weight was not significantly (P>Ϭ͘ϬϱͿĚŝīĞƌĞŶƚ
among treatment groups, total and daily weight gain was significantly (P<Ϭ͘ϬϱͿ
ĚŝīĞƌĞŶƚ͕ƚŚĞǇŽďƚĂŝŶƚŚĞĨŽůŽǁŝŶŐƌĞƐƵůƚƐ͖ϴϯŐŵ͕ϳϯŐŵ͕ϵϵŐŵĂŶĚϯϴŐŵĚĂŝůǇ
ǁĞŝŐŚƚŐĂŝŶŝŶĨŽƵƌƚƌĞĂƚŵĞŶƚŐƌŽƵƉƐƌĞĐĞŝǀŝŶŐϯϬй͕ϯϱй͕ϰϬйĂŶĚϰϱй
molasses respectively. 
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dŚĞĂǀĞƌĂŐĞǁĞĂŶŝŶŐǁĞŝŐŚƚǁĂƐϮϰ͘ϯϯĂŶĚϮϰ͘ϮϱŬŐĨŽƌ,ĂŵŵĂƌŝĂnd Kabashi 
subtype respectively, male lambs had greater daily gain than female lambs 
(Mohamed ͕ϮϬϬϯͿ͘  
In sheep young lambs grew rapidly but rams grew faster than ewes and 
withers ;ƉфϬ͘ϬϱͿ Mc Laugherty et al͕͘;ϭϵϱϵͿ. In cattle during the whole period 
of growth from birth to slaughter, bulls had higher daily live weight gain than 
steers on higher or low level of nutrition ŽďŝĐ;ϭϵϲϴͿ. Shelton and 
ĂƌƉĞŶƚĞƌ;ϭϵϳϮͿĂŶĚ,ŽůĐŽŵďĞet al͕͘;ϭϵϵϰͿƌĞƉŽƌƚĞĚƚŚĂƚƚŚĞĚŝīĞƌĞŶĐĞƐ
between rams and ewes in average daily gain were highly significant due to 
sex  and follow the trends to be expected with males making the highest gain 
and females the lowest. 
2. 3. 4. 3 linear body measurements 
Body measurements of live animals have used extensively for experimental 
work and in practices as predictor of animal live weight on field bases where 
no easy access to weighing machine. These measurements reflect the size of 
the skeletal units only, the soft tissue only or both soft tissue and skeletal units 
(ů<ŚĞĚŝƌ͕;ϭϵϳϳͿĂŶĚLaweƌĞŶĐĞĂŶĚ&ŽǁůĞƌ;ϭϵϵϳͿ. Heart girth was described 
by LĂǁĞƌĞŶĐĞĂŶĚ&ŽǁůĞƌ;ϭϵϵϳͿĂŶĚ^ƵůŝĞŵĂŶet. al͕͘;ϭϵϵϬͿĂƐƚŚĞ
circumference of the chest and it is a measure of both skeletal and soft tissue. 
They noted that, the heart girth is most variable with body weight since it 
reflects the body condition and in some cases the physiological status of the 
animal. They also described height at wither as the height of the highest point 
on the dorsum of the animal above the scapular vertically to the ground 
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surface at the level of the front feet. This measurement is mainly indicative to 
ƚŚĞŐƌŽǁƚŚŽĨƚŚĞƐŬĞůĞƚĂůƵŶŝƚ;ů<ŚĞĚŝƌ͕;ϭϵϳϳͿ͘dŚĞďŽĚǇůĞŶŐƚŚǁŚŝĐŚŝƐƚŚĞ
measure of the main body trunk was described as the measure from the 
scapula to the tail bone (Mansouƌ͕ϭϵϵϴͿ͘^ƵůŝĞŵĂŶet al ͘;ϭϵϵϬͿĚĞƐĐƌŝďĞĚŝƚĂƐ
the measure from the tip of the scapula to the pin bones, whereas Sandford et 
al ͘;ϭϵϴϮͿĚĞƐĐƌŝďĞĚŝƚĂƐƚŚĞĚŝƐƚĂŶĐĞďĞƚǁĞĞŶƚŚĞƟƉŽĨƚŚĞƐĐĂƉƵůĂĂŶĚƚŚĞ
ischium, so it was named the scapuloischial length. Sulieman et al ͘;ϭϵϵϬͿ
described the body length and the height at wither as skeletal measurements 
and so they are less variable with body weight. Tail length was found to have 
no consideration on the body growth in the literature reviewed and has not 
introduced in the formula of live weight prediction. Tilmat et al ͘;ϭϵϴϯͿ
reported that, the tail length as a percentage of height at wither for desert 
ƐŚĞĞƉǁĂƐŵŽƌĞƚŚĂŶϳϬй͕ĨŽƌĞEŝůŽƟĐƐŚĞĞƉǁĂƐĂďŽƵƚϯϯй͕ĨŽƌƌŝĚhƉůĂŶĚ
ƐŚĞĞƉǁĂƐϲϱй͕ĨŽƌĞtĞƐƚĨƌŝĐĂŶ&ƵůĂŶŝŝƚǁĂƐϲϬй͕ĨŽƌĞĂŐĂƌĂƐŚĞĞƉŝƚǁĂƐ
ϱϬйĂŶĚŝƚǁĂƐϰϬйĨŽƌĞĐƌŽƐƐEŝůŽƟĐĂŶĚdŽƉƐĂ͘ 
Mohmed ;ϮϬϬϰͿĨŽƵŶĚƚŚĂƚ͕ƚŚĞŵĞĂƐƵƌĞŵĞŶƚof height at wither, body 
length and back length were significantly greater in ram than in ewe lambs, 
ƚŚĞŝƌǀĂůƵĞƐǁĞƌĞϳϴĐŵĂŶĚϳϱĐŵ͕ϳϯ͘ϴĐŵĂŶĚϲϲ͘ϰĐŵ͕ĂŶĚϭϬϬ͘ϵĐŵĂŶĚ
ϵϮ͘ϳĐŵƌĞƐƉĞĐƟǀĞůǇĨŽƌĞŵĂůĞĂŶĚĨĞŵĂůĞ͘DƵƐĂet al ͘;ϮϬϬϱͿƌĞƉŽƌƚĞĚƚŚĂƚ͕
the average body length, heart girth, height at wither and chest depth fore 
ƌĂŵǁĞƌĞϲϰ͘ϴϳ͕ϴϲ͘ϱϵ͕ϴϮ͘ϲϱĂŶĚϰϯ͘ϰϯĐŵĂŶĚƚŚŽƐĞĨŽƌĞĞǁĞǁĞƌĞϲϭ͘ϴϳ͕
ϴϯ͘ϭ͕ϳϲ͘ϵϳĂŶĚϰϭ͘ϭϮĐŵƌĞƐƉĞĐƟǀĞůǇ͘ 
The correlation between body weight and other body measurements at 
different ages are positive and significant Sandford et al. ;ϭϵϴϮͿĂŶĚ^ƵůŝĞŵĂŶ
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et al͕͘;ϭϵϵϬͿ͘dŚĞŚĞĂƌƚŐŝƌƚŚǁĂƐƚŚĞŵĞĂƐƵƌĞŵĞŶƚƚŚĂƚĞǆŚŝďŝƚĞĚƚŚĞŚŝŐŚĞƐƚ
ĐŽƌƌĞůĂƟŽŶǁŝƚŚƚŚĞďŽĚǇǁĞŝŐŚƚ͕ůĂǁĞƌĞŶĐĞĂŶĚ&ŽǁůĞƌ;ϭϵϵϳͿ͘ďƵůĂǌĂǇŝŵ
;ϭϵϵϲͿƌĞƉŽƌƚĞĚƚŚĂƚ͕ĂĚƵůƚĚĞƐĞƌƚƐŚĞĞƉŽf Sudan had an average wither 
ŚĞŝŐŚƚŽĨϴϲĐŵĂŶĚďŽĚǇǁĞŝŐŚƚŽĨϰϳŬŐ͕ƚŚĞǀĂƌŝŽƵƐƐƵďĞĐŽƚǇƉĞƐƐŚŽǁĞĚ
different measurements. The Kababish subecotype has the highest wither 
ŚĞŝŐŚƚ͕ďŽĚǇůĞŶŐƚŚĂŶĚƚŚĞŚĞĂǀŝĞƐƚďŽĚǇǁĞŝŐŚƚǁŚŝĐŚǁĞƌĞϳϲĐŵ͕ϴϲĐŵ
ĂŶĚϳϬŬŐ ĨŽƌĞǁĞƐĂŶĚϵϭĐŵ͕ϵϰĐŵĂŶĚϵϬŬŐĨŽƌƌĂŵƐƌĞƐƉĞĐƟǀĞůǇ͘ Average 
ůŝŶĞĂƌďŽĚǇŵĞĂƐƵƌĞŵĞŶƚƐŽĨ,ĂŵŵĂƌŝƐƵďƚǇƉĞůĂŵďƐŽĨϲŵŽŶƚŚƐĂŐĞǁĞƌĞ
ϳϱ͘ϵ͕ϳϳ͘ϯ͕ϱϮ͘ϰ͕ϰϬ͘ϴ͕ϯϭ͘ϵ͕ϭϵ͘ϰ͕Ϯϱ͘ϬĂŶĚϱϴ͘ϯĐŵĨŽƌŚŝŐŚĞƐƚǁŝƚŚĞƌ
height,heart girth, body length, chest depth, head length, ear length, neck 
length and tail length ƌĞƐƉĞĐƟǀĞůǇ^ĂůĂŚ;ϮϬϭϭͿ͘ 
ĂďŝŬĞƌĂŶĚDŽŚĂŵŵĞĚ;ϭϵϵϬͿĐŽŵƉĂƌĞĚƚŚĞ^ƵĚĂŶĚĞƐĞƌƚƌĂŵƐĂŶĚ
ƵƐƚƌĂůŝĂŶDĞƌŝŶŽŵĂůĞƐŽĨϲϱŬŐǁĞŝŐŚƚĂŶĚϮŽƌϯƉĂŝƌƐŽĨƉĞƌŵŝŶĂŶƚŝŶĐŝƐŽƌƐ͕
they found that the Sudan deserƚƌĂŵƐǁĞƌĞƐŝŐŶŝĮĐĂŶƚůǇŚŝŐŚĞƌĂƚǁŝƚŚĞƌ;ϴϰ
ĐŵǀƐϳϭĐŵͿ͕ŚĂƐƐŝŐŶŝĮĐĂŶƚůǇĚĞĞƉĞƌĐŚĞƐƚ;ϯϳĐŵǀƐϯϰĐŵͿĂŶĚůŽŶŐĞƌƚƌƵŶŬ
;ϳϰĐŵǀƐϲϵĐŵͿ͘DĞŚƚĂet al. ;ϭϵϵϱͿĨŽƵŶĚƚŚĂƚ͕ƐĞǆŽĨƚŚĞĂŶŝŵĂůŚĂĚĂ
significant effect on body weight, height at wither, body length and heart girth 
ĂƚϰƉĂŝƌƐŽĨƉĞƌŵŝnant incisors teeth age stage. For all of the Sudan desert 
sheep sub ecotypes ͕ďƵůĂǌĂǇŝŵ;ϭϵϵϲͿƌĞƉŽƌƚĞĚƚŚĂƚ͕ĨĞŵĂůĞƐǁĞƌĞŝŶĨĞƌŝŽƌ
to males at all ages for all measurements. 
 DŽŚĂŵĞĚ;ϮϬϬϯ) recorded a positive correlation between body weights and 
both heart girth and height at wither on desert sheep subecotype hammari 
and Kabashi lambs.  
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The effect of sex and management system on live body measurement were 
not significant with exception of tail length, height at wither, heart girth, chest 
depth and body length DƵƐĂ;ϮϬϭϬͿ. He found a positive correlation between 
heart girth and bodyweight. 
 
2. 3. 4. 4 Agro-industrial by-products as a feed for sheep 
Sudan is accounted as the major African country producing and exporting 
groundnut. Groundnut is grown throughout the Sudan, but the rain fed region 
ŝŶtĞƐƚĞƌŶ^ƵĚĂŶƌĞƉƌĞƐĞŶƚƐĂďŽƵƚϴϬйŽĨƚŚĞĐƵůƟǀĂƚĞĚĂƌĞĂƐ;/ƐŵĂŝů͕ϭϵϴϳͿ͘
There are abundant agricultural crop residues and by-products in Sudan that 
could contribute largely in livestock feeding, cereal straws, groundnut hay and 
hulls, sugar cane and tops, and sesame residues are the most important in 
Sudan, Mansour et al͕͘;ϭϵϴϴĂͿ͘Sudan possess huge amount of agro-industrial 
by- products as a result of expansion in agriculture and industry. These by-
products include oil seed cakes, wheat bran, molasses and bagasses which 
offer a unique opportunity for fast improvement of animal production in the 
ĐŽƵŶƚƌǇ;ŚŵĞĚĂŶĚďĚĂůĂϮϬϬϱͿ͘ 
2. 3. 4. 4. 1 Cereal grains 
The main cereal grain used for ruminants feeding in Sudan is sorghum (Dura).  
McDonald et al., (ϭϵϵϱͿ, reported that sorghum (sorghum bicolor) is the main 
food grain in Africa and parts of India and China, also it is grown in southern 
parts of the United States where it is the second most important feed grain.  
Sorghum (Feterita) contains ϭϯ͘ϮйW͕Ϯ͘ϱй&͕Ϯ͘ϱй͕Ϯ͘ϮйĂƐŚ ĂŶĚϬ͘ϲϰй
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ƚƌĂĐĞĞůĞŵĞŶƚƐ;^ƵůŝĞŵĂŶĂŶĚDĂďƌŽƵŬ͕ϭϵϵϵͿ͘ Mohamed (2003) found that the 
inclusion of sorghum grain at rare of (48%) in the diet induced a total lean of 
49.15,46.88, total bone 17.29,total fat 27.80, 26.65,total trim 3.39,368 and muscle to 
bone ratio 2.8,2.3 for both types respectively. 
 Body weight gĂŝŶǁĂƐĨŽƵŶĚƚŽďĞϯϰϬŐŵǁŚĞŶǁĞĂŶĞĚůĂŵďƐŐŝǀĞŶƐŽƌŐŚƵŵ
(Ø rskov et al. ͕ϭϵϳϰ). Feeding of high proportions of grain to animals, 
especially ruminants need to be re-evaluated as it is becoming more 
unjustifiable under the prevailing decreasing world food reserves, which has 
already resulted in their low availability and ŚŝŐŚĐŽƐƚ;DŽŚĂŵĞĚ͕ϭϵϴϭͿ͘ 
2. 3. 4. 4. 2 Oil seed cakes 
Oil seed cakes meals are the residues remaining after removal of the greater 
part of the oil from oilseeds. The residues are rich in protein (200-500 gm ӏ kg) 
and most are valuable foods for animals (McDonald et al͕͘ϭϵϵϱͿ. They added 
removal of husk lower the crude fiber content and has an important effect in 
improving the apparent digestibility of the constituents. As a result the nutritive value 
the decorticated cake is raised significantly above that of the undecorticated. The 
latter is suitable for feeding to adult ruminants only. Undecorticated cakes are rarely 
produced nowadays but partial decotication is widely practiced. 
The most abundant oil seed cakes in Sudan are groundnut cake, Sesame cake, cotton 
seed cake, Sunflower seed cake and Karkadi seed cake.  
Groundnut cake contains 43.6%CP, 9.7% CF, 8.0% EE, 9.3% ash and 7.3 trace 
elements ;^ƵůŝĞŵĂŶĂŶĚDĂďƌŽƵŬ͕ϭϵϵϵͿ͘ The protein of groundnut meal has sub-
optimal amounts of cystine and methionine although the first limiting amino acid is 
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lysine, also this cake is deficient to vitamin B12 and calcium (McDonald et al., 
ϭϵϵϱͿ. 
Sesame cake contains 42.5% CP, 8.3% CF, 13.5% EE, 14% ash and 3.7% minerals 
( Ƶ^ůŝĞŵĂŶĂŶĚDĂďƌŽƵŬ͕ϭϵϵϵͿ͘ The protein of sesame meal is rich in leucine, 
arginine and methionine but is relatively low in lysine (McDonald et al͕͘ϭϵϵϱͿ.     
The nutrient content of cotton seed cake was found to be 24.5% CP, 23.5% CF, 9% 
EE, 6.2% ash and 3.7 minerals ;^ƵůŝĞŵĂŶĂŶĚDĂďƌŽƵŬ͕ϭϵϵϵͿ͘ Cotton seed cake 
contains protein of high quality but has the common disadvantage of oil seed proteins 
of having a low content of cysine, methionine and lysine also the calcium content is 
low  (McDonald et al͕͘ϭϵϵϱͿ. 
Ƶ^ůŝĞŵĂŶĂŶĚDĂďƌŽƵŬ;ϭϵϵϵͿƐƚĂƚĞĚƚŚĂƚ͕sunflower cake contains 27.5% CP, 
19.5% CF, 15.3% EE, 7.2% ash and 2.5% minerals. The protein of sunflower seed 
meal is low in lysine, but has twice as much methionine as soya protein (McDonald 
et al͕͘ϭϵϵϱͿ.    Karkadi seed cake contains 38.5% CP, 15% CF, 25.1% EE, 11.3% 
ash and 1.9 minerals ;^ƵůŝĞŵĂŶĂŶĚDĂďƌŽƵŬ͕ϭϵϵϵͿ͘ 
2. 3. 4. 4. 3 Straws and related by-products 
Straws consist of stems and leaves of plants after the removal of the ripe seeds by 
threshing, and produced from most cereal crops and from some legumes of the seed 
which are separated from grain during threshing (McDonald et al͕͘ϭϵϵϱͿ. They 
added all straws and related by products of cereal grains are extremely fibrous, most 
have a high content of lignin, and all are of low nutritive value. Their high fiber 
content restricted their use to that as food for ruminants.  Sorghum stalk contains 4.25 
CP, 33.3% CF (Sulieman and MĂďƌŽƵŬ͕ϭϵϵϵͿ͘ Nour (2006) reported that urea 
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treated sorghum straw and groundnut hulls were highly significant (p<0.01) in 
nitrogen intake and faecal nitrogen. 
2. 3. 4. 4. 4 Groundnut hulls 
It is a dry product of groundnut shelling, the percentage of the hulls of the 
ƐĞĞĚŝƐĂďŽƵƚϮϲй͕ŝŶƚŚĞƉƌŽĐĞƐƐŽĨĚĞ-hulling part of the seed is removed 
with outer shell which increase the nutritive value of the product and its crude 
ƉƌŽƚĞŝŶƌĞĂĐŚƵƉƚŽϴ͘ϳϱй͕;ďƵŬĂĚĚĂĂŶĚDƵƌĂĚϭϵϴϴͿ͘^ƵĚĂŶƉƌŽĚƵĐĞ
huge amount of groundnut hulls where most of it left to rot or burned. El Hag 
ĂŶĚ,ĂŵĂĚ;ϭϵϴϯͿƌĞƉŽƌƚĞĚƚŚĂƚ͕ŐƌŽƵŶĚŶƵƚŚƵůƐĐŽŶƚĂŝŶĞĚĂďŽƵƚϵϱйĚƌǇ
ŵĂƩĞƌ͕ϱ͘ϰйĐƌƵĚĞƉƌŽƚĞŝŶ͕ϯϮйĐƌƵĚĞĮďĞƌ͕ϭ͘ϭйĞƚŚĞƌĞǆƚƌĂĐƚ͘'ƌŽƵŶĚŶƵƚ
hull is poor quality feed stuff, crude ƉƌŽƚĞŝŶĂŶĚĞŶĞƌŐǇǁĞƌĞϱ͘ϳйĂŶĚ
Θ͘ϯD:ͬŬŐƌĞƐƉĞĐƟǀĞůǇ;^ƵůĞŝŵĂŶĂŶĚDĂďƌŽƵŬ͕ϭϵϵϵͿ͘ 
2. 3. 4. 4. 5 Molasses 
Generally molasses is obtained as a by-product of sugar cane production after 
sugar extraction and crystallization of sugar from cane juice. Preston and Wills 
;ϭϵϳϰͿŽďƐĞƌǀĞĚƚŚĂƚƚŚĞƉƌŝŶĐŝƉůĞĐŽŶƐƟƚƵƟŽŶƐŽĨŵŽůĂƐƐĞƐĂƌĞƐƵĐƌŽƐĞ͕ŝŶǀĞƌƚ
sugar and water; practically molasses are containing all the soluble non-sugar 
extracted in cane juice together with part of chemical use and clarification. 
Molasses is an inexpensive and valuable energy source, readily available 
worldwide that has been used for ruminants feeding. It can be utilized for 
several purposes, in dry feed, in silage making as urea carrier, in liquid 
supplements and in molasses blocks (Golů͕ϭϵϴϭͿ͘DŽůĂƐƐĞƐĐŽŶƚĂŝŶϯ͘ϱй CP, 
ϭ͘ϱй͕ϭϮ͘ϮйĂƐŚĂŶĚϴ͘ϱD:ͬŬŐ;^ƵůĞŝŵĂŶĂŶĚDĂďƌŽƵŬ͕ϭϵϵϵͿ͘ 
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In tropical and sub- tropical countries where sugar cane is grown, there is 
often a serious shortage of sugar or starch- containing animal foods, so cane 
molasses is available resource. In addition to its uses as carrier for supplement 
such as urea and a conditioner of compound foods, cane molasses is used as a 
source of supplementary energy for forage diet and even as main component 
ŽĨƚŚĞĚŝĞƚ͘KƐŵĂŶ;ϭϵϴϱͿŶŽƚĞĚƚŚĂƚ͕ŶŝƚƌŽŐĞŶƐƵƉƉůĞŵĞŶƚĂƟŽŶƚŽŵŽůĂƐƐĞƐ-
treated straw had significantly increased feed intake and weight gain of Sudan 
desert goats. Ahmed et al., ;ϮϬϬϮͿǁŚŽǁĞƌĞƐƚƵĚŝĞĚƚŚĞĞīĞĐƚŽĨĨĞĞĚŝŶŐ
ĚŝīĞƌĞŶƚŵŽůĂƐƐĞƐůĞǀĞůƐ;ϯϬй͕ϯϱй͕ϰϬйĂŶĚϰϱйͿŝŶĂĚĚŝƟŽŶƚŽϮϴ͘ϯйǁŚĞĂƚ
ďƌĂŶ͕ϰйŐƌŽƵŶĚŶƵƚĐĂŬĞƐĂŶĚŐƌŽƵŶĚŶƵƚŚƵůƐŝŶ;ϮϬй͕Ϯϱй͕ϯϬйĂŶĚϯϱйͿ
levels on body weight gain in yearling sheep, the authors found that, the final 
weight was not significantly (P>Ϭ͘ϬϱͿĚŝīĞƌĞŶƚĂŵŽŶŐƚƌĞĂƚŵĞŶƚŐƌŽƵƉƐ͕ƚŽƚĂů
and daily weight gain was significantly (P<Ϭ͘ϬϱͿĚŝīĞƌĞŶƚ͕ƚŚĞǇŽďƚĂŝŶƚŚĞ
ĨŽůŽǁŝŶŐƌĞƐƵůƚƐ͖ϴϯŐŵ͕ϳϯŐŵ͕ϵϵŐŵĂŶĚϯϴŐŵĚĂŝůǇǁĞŝŐŚƚŐĂŝŶŝŶĨŽƵƌ
ƚƌĞĂƚŵĞŶƚŐƌŽƵƉƐƌĞĐĞŝǀŝŶŐϯϬй͕ϯϱй͕ϰϬйĂŶĚϰϱйŵŽůĂƐƐĞƐƌĞƐƉĞĐƟǀĞůǇ͘ 
2. 3. 4.4 . 6 Urea 
Urea as a natural source of ammonia is widely used as a soil fertilizer and as a 
non- protein nitrogen source to enrich feed stuff for ruminants. Urea is easily 
handled and transported. Addition of urea to corn Stover and ensiling 
ŝŶĐƌĞĂƐĞĚĚĂŝůǇŐĂŝŶďǇϮϬйů-ƐŚŵĂǁǇ;ϭϵϳϭͿ͘^ƵƉƉůĞŵĞŶƟŶŐŐƌĂǌŝŶŐ
ruminant with nitrogen source would increase rate of fermentation and 
digestion, enhance feed consumption and microbial protein yield, Alvarez and 
ŽŵďůĞƐ;ϭϵϴϱͿ͘ 
2. 3. 4. 4. 7 Silage 
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Several treatments can be used to increase the nutrients value of poor quality 
roughages including physical, chemical and biological treatments. Study on 
improving groundnut hulls nutritive feeding by any of these treatments will 
reduce the cost of production and avails more grains fore human 
consumption. The biological treatment through ensiling seems to be the best 
method under Sudan condition, (El Hag and Hamad ϭϵϴϯͿ͘ 
Silage is the material produced by the controlled fermentation of a crop of 
high moisture content, McDonald et al. ;ϭϵϵϱͿ͘dŚĞsame authors also added 
the first essential objective in preserving crops natural fermentation is the 
achievement of anaerobic conditions which inhibit the activities of undesirable 
microorganism such as clostridia and entrobacteria and engorged the growth 
of lactic acid bacteria or by using chemical additives. In practice this is done by 
chopping the crop during harvesting, by rapid filling of the silo and adequate 
consolidation and sealing.  
Ensiling of groundnut hulls and wheat straw proved to be an economical 
practical process for nutrient preservation and production which help in 
ďƌŝĚŐŝŶŐƚŚĞĂŶŝŵĂůĚĞĮĐŝƚŝŶƚŚĞ^ƵĚĂŶ;EĂĚǇĂĂŶĚů,ĂŐ͕ϭϵϴϵͿ.    
2. 4 Carcass characteristics 
Consumer requirements vary greatly between areas. In the west carcass 
conformation and leanness are the most essential quality attributes creating 
ŵĂƌŬĞƚĐŽŵƉĞƟƟŽŶĨŽƌŵĞĂƚ;'Ăŝůŝ͕ϭϵϳϵͿ͘ 
2. 4. 1 Slaughter weights and dressing out percentages 
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The economic value of any breed of sheep as a meat animal is partially 
dependent on weight of the carcass at a given body weight and composition of 
ƚŚĞĐĂƌĐĂƐƐ;'Ăŝůŝ͕ϭϵϳϵͿ͘dŚĞĚƌĞƐƐŝŶŐŽƵƚƉĞƌĐĞŶƚĂŐĞǁĂƐĐŽŶƐŝĚĞƌĞĚĂƐƚŚĞ
most important parameter because it shows the amount of saleable part of 
the animal. Dressing out percentage of a carcass yield is obtained by dividing 
ƚŚĞĚƌĞƐƐĞĚĐĂƌĐĂƐƐďǇƐůĂƵŐŚƚĞƌǁĞŝŐŚƚĂŶĚŵƵůƟƉůǇďǇϭϬϬ͘/ƚĐĂŶďĞ
calculated on full or empty body weight basses. The latter is more accurate 
and it is obtained by subtracting the gut fill from the live   weight before 
slaughtering. Many factors was found to affect dressing out percentage, these 
include age, weight, nutrition, breed and sex. 
DĂŶƐŽƵƌ͕;ϭϵϴϳͿĨŽƵŶĚƚŚĂƚƚŚĞůĂŵďǁŝƚŚĂŵĞĂŶƐůĂƵŐŚƚĞƌǁĞŝŐŚƚϯϮ͘ϯŬŐ
ǇŝĞůĚĞĚϭϱ͘ϵŬŐǁĂƌŵĐĂƌĐĂƐƐǁŝƚŚĚƌĞƐƐŝŶŐŽƵƚƉĞƌĐĞŶƚĂŐĞŽĨϰϵ͘ϭ;ŽŶĞŵƉƚǇ
ďŽĚǇǁĞŝŐŚƚďĂƐŝƐͿ͘KŶƚŚĞƐĂŵĞďĂƐŝƐŚŵĞĚĂŶĚ^ƵůŝĞŵĂŶ;ϭϵϴϴͿĨŽƵŶĚƚŚĂƚ͕
ĚƌĞƐƐŝŶŐŽƵƚƉĞƌĐĞŶƚĂŐĞǁĂƐĂďŽƵƚϰϵ͘ϴ͘DĂŶƐŽƵƌet al. ;ϭϵϴϴĂͿĨŽƵŶĚƚŚĂƚ͕
ĚƌĞƐƐŝŶŐŽƵƚƉĞƌĐĞŶƚĂŐĞǁĂƐƵƉƚŽϱϰ͘ϯŝŶĨĂƩĞŶĞĚůĂŵďƐ͘,ŝŐŚƉůĂŶĞŽĨ
nitrogen in lambs result in heavier carcass and thicker fat depth compared 
with lambs fed low plane of nitrogen (Field et al͕͘ϭϵϵϬͿ͘ĂďŝŬĞƌĂŶĚ
DŽŚĂŵĞĚ͕;ϭϵϵϬͿƐtate that, desert sheep dressed higher, had more 
significantly muscle and less fat compared with Australian Merino.  
ů^ĂƵŐŚƚĞƌǁĞŝŐŚƚĨŽƌĞŶƟƌĞŵĂůĞůĂŵďǁĂƐĨŽƵŶĚƚŽďĞŚĞĂǀŝĞƌ;ƉфϬ͘ϬϱͿƚŚĂŶ
ƚŚĞĐĂƐƚƌĂƚĞĚůĂŵďƐ;ůĚŽǁ͕ϮϬϬϭͿ͘Ram lambs had heavier slaughter weights 
than ewe lambs Mahgoub et al. ;ϮϬϬϭͿ. Ewes had significantly greater 
slaughter weight, empty body weight, cold carcass weight and half carcass 
weight than rams DŽŚĂŵĞĚ;ϮϬϬϰͿ. KƐŵĂŶĂŶĚůƐŚĂĮĞ;ϭϵϲϳͿĨŽƵŶĚƚŚĂƚ͕
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the dressing out percentage of Sudan desert sheep yearling was found to be 
ϰϮ͘ϴй͘ Gaili et al. ;ϭϵϳϮͿƌĞƉŽƌƚĞĚƚŚĂƚ͕ĂŐĞĂŶĚǀĂƌŝĂƟŽŶŝŶĨĞĞĚŝŶŐůĞǀĞůŚĂĚĂ
significant effect on dressing out percentage. They found that, dressing out 
ƉĞƌĐĞŶƚĂŐĞǁĞƌĞϰϬ͘ϳϭ͕ϰϬ͘ϵϮĂŶĚϰϯ͘ϮϯĨŽƌǇŽƵŶŐ͕ yearling and mature 
unfattened Sudan desert sheep respectively, whereas the respective dressing 
out percentage for fattening young, yearling and mature desert sheep were 
ϰϴ͘Ϯϰ͕ϱϬ͘ϬϭĂŶĚϱϮ͘Ϯϱ͘  Kirton et al. ;ϭϵϴϮͿƌĞƉŽƌƚĞĚƚŚĂƚ͕ǇŽƵŶŐĨĞŵĂůĞƐŚĞĞƉ
dressed slightly heavier than wither. Alkass et al. ;ϭϵϴϱͿĂŶĚDĂŚŐŽƵďet al. 
;ϭϵϵϴͿĨŽƵŶĚƚŚĂƚ͕ƌĂŵƐŚĂĚƐŝŐŶŝĮĐĂŶƚůǇůŽǁĞƌĚƌĞƐƐŝŶŐŽƵƚƉĞƌĐĞŶƚĂŐĞƚŚĂŶ
withers. Lambs fed high concentrates had a higher dressing and fat 
ƉĞƌĐĞŶƚĂŐĞƐƚŚĂŶƚŚŽƐĞĨĞĚϱϬ͗ϱϬ concentrate-to-roughage diets Eltayeb et al., 
(ϭϵϴϳͿ͘ 
'ĂŝůŝĂŶĚDĂŚŐŽƵď͕;ϭϵϴϭͿƐƚƵĚŝĞƐŽŶĚĞǀĞůŽƉŵĞŶƚĂůƉĂƩĞƌŶƐŽĨŵĂũŽƌĐĂƌĐĂƐƐ
in male and female desert sheep reveal no significant difference between the 
two sexes in carcass weight at an equally adjusted empty body weight. This 
may indicate the absence of differences in dressing out percentage. Similarly 
ǀĞƌŝƩĂŶĚ:ƵƌǇ͕;ϭϵϲϲͿĨŽƵŶĚƐŵĂůĚŝīĞƌĞŶĐĞƐďĞƚǁĞĞŶƌĂŵƐĂŶĚĞǁĞƐ͘
dƌǌǇďŝŶƐŬĂ;ϭϵϵϳͿŝŶĚŝĐĂƚĞƚŚĂƚ͕ůambs had heavier body weight at all ages 
compared with ewe lambs. Similar finding was reported by Rodriquez and 
ĐĂƐƚĞů;ϭϵϵϭͿǁŚŽstated that entire lambs had higher slaughter weight than 
ĐĂƐƚƌĂƚĞƐϮϰ͘ϰvs. ϮϮ͘ϰŬŐƌĞƐƉĞĐƟǀĞůǇ͘ 
2. 4. 2 Eye muscle area and subcutaneous fat thickness 
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Eye muscle area and subcutaneous fat are important traits to consumers, 
particularly for lambs (Wood et al. ϭϵϴϬͿ͘ǇĞŵƵƐĐůĞĂƌĞĂŚĂƐďĞĞŶ
traditionally utilized as estimate of muscle in the carcass, and particularly in 
most valuable cuts (Carpenter et al. ϭϵϲϵͿ͘dŚĞŵŽƐƚĐŽŵŵŽŶĨĂƚ
measurement used in beef and lambs carcass evaluation is the measurement 
ƚĂŬĞŶĂƚƚŚĞϭϮƚŚƌŝď͘^ƚƵĚŝĞƐŚĂĚƐŚŽǁŶƚŚĂƚŽŶĞŵĞĂƐƵƌĞŵĞŶƚŽǀĞƌƚŚĞ
longissimus dorsi muscle three-fourth of the distance from medial to the 
lateral edges of the muscle is a reliable index of fatness in beef (Ramsy et al., 
ϭϵϲϮͿĂŶĚůĂŵď;ZŝŶŐŬŽďet al. ͕ϭϵϲϰͿ͘^ŝŶĐĞƚŚĞĐŽŶƐƵŵĞƌƐĞĞŬƐůĞĂŶĂďŽǀĞĂů
other attributes of meat quality, it is obvious that the producer must aim for 
an animal which at a specific carcass weight performs more satisfactory on this 
score (Hankis et al͕͘ϭϵϰϯͿ͘dŚĞůĞĂŶŵĞĂŶƐƚŚĞĞĚŝďůĞƟƐƐƵĞǁŝƚŚ
subcutaneous and intra-muscular fat (Wood et al. ϭϵϴϬͿ͘ǀĞƌŝƩĂŶĚũƵƌǇ
;ϭϵϲϰͿƐƚĂƚĞĚƚŚĂƚĞǇĞŵƵƐĐůĞĐƌŽss-sectional area was larger for males than 
females and lower for gonadoectomized than for entire lambs, Female lambs 
deposit fat faster and earlier than rams and that wethers closely approach 
females in rate of fat deposition (Carpenter et al. ͕ϭϵϲϵͿ͕Ɛŝŵilarly Arnold and 
DĞǇĞƌ;ϭϵϴϴͿƌĞƉŽƌƚĞĚƚŚĂƚƌĂŵƐŚĂĚůĞƐƐƐƵďĐƵƚĂŶĞŽƵƐĨĂƚŽǀĞƌƚŚĞ
longissimus dorsi muscle than did wethers. Ewes had more subcutaneous fat 
over the longissimus dorsi muscle than did wether and lams ͘DŽŚĂŵĞĚ;ϮϬϬϯͿ
found that, average eyĞŵƵƐĐůĞĂƌĞĂƐǁĞƌĞϭϳ͘ϬĐŵϮ in pen fed desert sheep 
ůĂŵƐĂŶĚϴ͘ϱϵĐŵϮ in free grazing lams. EǇĞŵƵƐĐůĞĂƌĞĂƐǁĞƌĞϭϭ͘ϰĐŵϮ and 
ϵ͘ϳϴĐŵϮ for male and female desert sheep lams respectively, subcutaneous 
ĨĂƚƚŚŝĐŬŶĞƐƐǁĞƌĞϭ͘ϵŵŵĂŶĚϯ͘ϯŵŵĨŽƌŵĂůĞĂŶĚfemale desert sheep lams 
respectively. 
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2. 4. 3 Carcass yield 
The major wholesale cuts according to Smith et al͕͘;ϭϵϳϴͿĂƌĞůĞŐ͕ƐŝƌůŽŝŶ͕ůŝŽŶ͕
rack and shoulder. The minor cuts are breast, shank, neck and flank. Various 
reports had indicated that, ram carcasses had higher yield of consumer 
preferred cuts than ewe and wither (Carpenter et al. ϭϵϲϵĂŶĚƵŶŶŝŶŐŚĂŵet 
al. ϭϵϲϳͿ͘dŚĞƉƌŽƉŽƌƟŽŶŽĨǁŚŽůĞƐĂůĞĐƵƚƐƐƵĐŚĂƐŶĞĐŬĂŶĚƐŚŽƵůĚĞƌǁĞƌĞ
affected by sex, Colmer- Rocher et al. ;ϭϵϵϮͿ͘dŚĞƉƌŽƉŽƌƟŽŶŽĨůŽŝŶ, leg and 
chump were heavier in females but the neck and single forequarter were 
heavier in males, Elmoula et al. ;ϭϵϵϵͿ. 
2. 4. 4 Carcass compositions 
The analysis of the composition of a single side is a satisfactory method for 
arriving at the composition of the whole carcass Callow et al. ;ϭϵϰϰͿ.The 
carcass yield and the commercial values were determined by the proportion of 
lean in the carcass kempster et al., (ϭϵϴϮ). The authors added that, the 
composition of animal body changes as it grows and mature, the skeleton is 
well developed at birth and grows fairly steadily there after. Muscles grow 
faster than bones after birth resulting in progressive increases in muscle to 
bone ratio. Fat, which is laid down in several physical separable depots, grows 
at a slower rate initially but during the fattening period it's growth increases 
dramatically, order of fat development was intra-abdominal, inter-muscular, 
subcutaneous and the intra-muscular (marbling) which play an active role in 
muscle metabolism and storage of energy. Furthermore, the rate at which an 
animal matures has a major influence on it's composition at a given weight or 
age. Similarly, live weight of fast growing, late maturing breeds yielded high 
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lean meat and had a low quality grade due to lack of fat, particularly marbling. 
On the other hand, slow growing, earlier maturing animal yielded carcass with 
a low lean and a high quality grade (Nawaz et al ͘ϭϵϵϵͿ͘ 
The ratio of lean to meat is important quality characteristics. The best carcass 
ŚĂƐĂŶŽƉƟŵƵŵůĞǀĞůŽĨĨĂƚŶĞƐƐĂŶĚŵŝŶŝŵƵŵďŽŶĞ;ĂƌůĞƐ͕ϭϵϴϯͿ͘dŚŝƐƌĂƟŽŝƐ
affected by plane of nutrition, animal genotype, sex differences and age of the 
ĂŶŝŵĂů;ĂƌůĞƐ͕ϭϵϴϯĂŶĚ͕'ĂŝůǇĂŶĚDĂŚŐŽƵď͕ϭϵϴϭͿ͘ 
Comparing Sudan Desert with Horn and Hampshire sheep (mutton breeds), 
'Ăŝůŝ͕;ϭϵϳϵͿŶŽƟĐĞĚƚŚĂƚ͕ƚŚĞƌĂƚĞĂƚǁŚŝĐŚƚŚĞĐĂƌĐĂƐƐŵƵƐĐůĞĂŶĚďŽŶĞ
increased in weight was the same in all breeds but desert sheep deposited fat 
at slower rate at an equal adjusted empty body weight. The desert sheep had 
lighter carcass and more bone than other mutton breeds. Desert sheep also 
has more inter-muscular and internal fat but less subcutaneous fat. The 
inclusion of sorghum grain at rate of (48%) in the diet induced a total lean of 
49.15,46.88, total bone 17.29,total fat 27.80, 26.65,total trim 3.39,368 and muscle to 
bone ratio 2.8,2.3 for both types respectively  Mohamed (2003).  Gaili and 
DĂŚŐŽƵď͕;ϭϵϴϭͿ reported that, ewes deposited fat at faster rate and had 
more carcass fat and slightly less muscle and bone at an equal adjusted carcass 
weight compared with rams. Similarly the composition of carcass joints in term 
of muscle and bone tissues was similar in both sexes, except that males had 
more muscles in shoulder and neck joint. Females finish muscle growth and 
store fat at younger ages and smaller weights than males Nawaz et al., ;ϭϵϵϵͿ͘ 
Ram carcasses had significantly higher percentage of dissectible muscle, lower 
percentage of dissectible fat than had wether carcasses (Ahmed and Davies, 
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ϭϵϴϲͿ. Meat: bone ratio of ƐŚƵŐĂƌĂŶĚǁĂƟƐŚĚĞƐĞƌƚƐŚĞĞƉƚǇƉĞŝƐϮ͘ϵϲĂŶĚ
Ϯ͘ϵ ƌĞƐƉĞĐƟǀĞůǇ;KǁĞŶ͕ϭϵϴϳͿ. Lambs had higher muscle and bone and lower 
fat proportion in the carcass, lower muscle: bone ratio and high muscle: fat 
ratio and lower proportion carcass and non- carcass fat than withers and ewe 
lambs (Mahgoub and lodge, ϭϵϵϰ). The meat: bone ratio for Shugar, Dubasi 
and watish Sudan desert sheep ecotype were Ϯ͘ϲϰ͕Ϯ͘ϱϳĂŶĚϮ͘ϴϲƌĞƐƉĞĐƟǀĞůǇ 
(El Hssan, ϭϵϵϰ).  
2. 5 Non carcass components 
Non carcass components include skin, head (unskinned), feet, tongue, lung 
and trachea, heart, liver, kidney, spleen, gastro-intestinal tract (empty) and 
blood. Development of non carcass components is affected by age, breed, 
nutrition and sex (Owen et al. ϭϵϳϳͿ͘dŚĞŝŵƉŽƌƚĂŶĐĞŽĨŶŽŶĐĂƌĐĂƐƐ
components is the determination of edible and salable portion of carcass. The 
edible portion in all the components except the skin, weigheĚĂďŽƵƚϮϲйŽĨ
the body weight (Devendra, ϭϵϲϲͿ͘The percentage of offals and internal 
organs continuously decreased as the empty body weight increased. The 
percentages of edible and saleable portions of offals differ between localities 
due to difference in eating habits (Gaili, ϭϵϳϳ). Head, kidneys, pelt, heart, lung 
and trachea, gastrointestinal tract, liver and spleen weights were heavier in 
rams than ewes and heavier in entire male than gonadectomized lambs 
(Everrit and Jury, ϭϵϵϰ). Lambs had heavier heads, feet, reticulo-rumens and 
liver but lower non carcass fat than wether and ewe lambs (Mahgoub and 
>ŽĚŐĞϭϵϵϰ). 
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'Ăŝůŝ;ϭϵϳϳͿĨŽƵŶĚƚŚĂƚ͕ŝŶůĂŵďƐǁŝƚŚϭϱŬŐĞŵƉƚǇďŽĚǇǁĞŝŐŚƚ͕ƚŚĞǀĂůƵĞƐŽĨ
ďŽĚǇĐŽŵƉŽŶĞŶƚƐƉĞƌĐĞŶƚĂŐĞǁĞƌĞŚĞĂĚ;ƵŶƐŬŝŶŶŶĞĚͿϭϬ͘ϳ%, skin ϭϰ%, pluck 
ϯ͘ϯ% ͕ůŝǀĞƌϮ% ͕ƚĂŝůϬ͘ϲ% ͕ĨĞĞƚϱ%, omentum ĨĂƚϬ͘ϰϳ% ͕ŝŶƚĞƐƟŶĞϲ%, stomach 
ϱ͘ϯ% ĂŶĚƚĞƐƟĐůĞƐϬ͘ϱ͘DĂŶƐŽƵƌet al. ;ϭϵϴϴĂͿĨŽƵŶĚƚŚĂƚ͕ŽŶĞŵƉƚǇďŽĚǇ
ǁĞŝŐŚƚďĂƐŝƐƚŚĞŶŽŶĐĂƌĐĂƐƐĐŽŵƉŽŶĞŶƚƐƉĞƌĐĞŶƚĂŐĞƐǁĞƌĞϱ͘ϯϴ͕ϳ͘ϲϮ͕ϭϬ͘ϭϬ͕
ϯ͘Ϭϰ͕ϯ͘ϰϴ͕ϰ͘ϲϴ͕Ϯ͘Ϯϴ͕Ϭ͘ϱϬ͕Ϯ͘ϳϬ͕Ϭ͘ϭϴ͕ϭ͘ϭϬ͕Ϭ͘ϰϬ͕Ϭ͘ϰϴ͕ϭ͘ϭϮĂŶĚϭ͘Ϭϴ
percentage for blood, head, skin, feet, rumen (empty), intestines (empty), 
liver, heart, lung and trachea, spleen, pancreas, sex organs, kidney, kidney fat, 
omentum and mesenteric fat respectively. BabŝŬĞƌĂŶĚDŽŚĂŵĞĚ͕;ϭϵϵϬͿ
comparing Sudan desert sheep and Australian Merino sheep found that, desert 
sheep had significantly heavier liver, stomach and intestine. However other 
components were similar. ;DŽŚĂŵĞĚϮϬϬϰ and Musa ϮϬϭϬͿĨŽƵŶĚƚŚĂƚ͕ŵĂůĞƐ
reproductive organs weights were significantly (PфϬ͘ϬϭͿŚŝŐŚĞƌƚŚĂŶƚŚĂƚŽĨ
females. DŽŚĂŵĞĚ;ϮϬϭϬͿƌĞƉŽƌƚĞĚƚŚĂƚ͕ƚŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĮĐĂŶƚĚŝīĞƌĞŶĐĞƐ
in mesenteric fat weights between males and females. Oentum fat weights 
between sexes were significantly (P< Ϭ͘ϬϭͿŚĞĂǀŝĞƌ in females than in males, 
;KŵĞƌϮϬϬϵĂŶĚDƵƐĂϮϬϭϬͿ͕ďƵƚDŽŚĂŵĞĚ;ϮϬϬϰͿĨŽƵŶĚƚŚĂƚ͕ĨĞŵĂůĞƐhad 
significantly (PфϬ͘ϬϱͿŚĞĂǀŝĞƌŽŵĞŶƚƵŵĨĂƚƚŚĂŶŵĂůĞƐ͘  
2.  6 Chemical composition of meat 
Carcass chemical composition usually have no direct effects on their 
commercial value but important in relation to number of factors including, the 
eating quality of the meat, processing characteristics, keeping quality and the 
ŶƵƚƌŝƟǀĞǀĂůƵĞ;ĂƌůĞƐ͕ϭϵϴϯͿ͘ŚĞŵŝĐĂůĐŽŵƉŽƐŝƟŽŶŽĨůĂŵďΖƐŵĞĂƚǁĂƐŶŽƚ
affected by dietary treatment (El Tayeb et al͕͘ϭϵϴϳĂŶĚEl Tayeb et al., ϭϵϵϭͿ͘
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dŚĞĐŽŵƉŽƐŝƟŽŶŽĨŵĞĂƚǁĂƐϳϱйŵŽŝƐƚƵƌĞ͕ϭϵйƉƌŽƚĞŝŶ͕Ϯ͘ϱϱůŝƉŝĚĂŶĚϬ͘ϲϱй
inorganic components such as Phosphorus, Potassium, Sodium, Magnesium 
ĂŶĚƚƌĂĐĞĞůĞŵĞŶƚƐĐŽŵƉƌŝƐĞŝŶĨƌĞƐŚŵĞĂƚ;>ĂǁƌŝĞ͕ϭϵϳϵͿ͘'Ăŝůŝet al͕͘;ϭϵϳϮͿ
found that, age, feeding stage and species had highly significant effects on 
moisture, protein and fat in meat, although the effect was not significant on 
ash. Young animals had more ash in meat than older ones. The general trend is 
an increase in fat with increasing age and fattening, ash in fattened animal was 
lower than in unfatteneĚŽŶĞƐĂŶĚƚŚĞǀĂůƵĞƐǁĞƌĞŵŽŝƐƚƵƌĞϰϴ͘ϯй͕ƉƌŽƚĞŝŶ
ϭϰ͘ϵϵй͕ĨĂƚϯϮйĂŶĚĂƐŚϬ͘ϴйŝŶĨĂƩĞĚƐŚĞĞƉ͕ǁŚŝůĞŝŶƵŶĨĂƩĞĚĂŶŝŵĂůƐǁĞƌĞ
ϲϮ͘Ϭϴй͕ϮϬ͘ϵϯй͕ϭϱ͘ϵϵйĂŶĚϭйƌĞƐƉĞĐƟǀĞůǇ͘dŚĞǀĂůƵĞƐŽĨŵŽŝƐƚƵƌĞ͕ƉƌŽtein, 
fat and ash reported by El Tayeb et al͕͘;ϭϵϴϳͿ͕ǁĞƌĞϲϲ͘ϵй͕ϭϭ͘ϴ% ͕ϭϭ͘Ϯ% 
ĂŶĚϭ͘Ϯ% ƌĞƐƉĞĐƟǀĞůǇ͘tŚŝůĞƚŚŽƐĞĨŽƵŶĚďǇůdĂǇĞď͕͘;ϭϵϵϭͿǁĞƌĞϲϬ͘ϴϳ͕
ϮϮ͘Ϯϵ͕ϳ͘ϬϵĂŶĚϮ͘ϮϰƉĞƌĐĞŶƚĂŐĞƐƌĞƐƉĞĐƟǀĞůǇ͘ 
Muscle from entire males had slightly greater moisture percentage than those 
from females, which was reflected in the differences in the percentage of fat. 
FĞŵĂůĞƐŚĂĚƐŝŐŶŝĮĐĂŶƚůǇ;ƉфϬ͘ϬϬϭͿŐƌĞĂƚĞƌĨĂƚĐŽŶƚĞŶƚƚŚĂŶŵĂůĞs (Everitt and 
:ƵƌǇ͕ϭϵϵϰͿ͘dŚĞƐĂŵĞĂƵƚŚŽƌƐ added, males had higher percentages of protein 
and ash in the carcass than females. This finding was in line with Schanbacker 
et al͕͘;ϭϵϴϬͿŝŶƐŚĞĞƉĂŶĚůŵƵůĂet al͕͘;ϭϵϵϵͿŝŶŐŽĂƚƐ͘Entire males had a 
higher moisture percentage than castrated ones and consequently a lower 
percentage of intramuscular fat or ether extractable fat than castrated 
(Mohamed, ϭϵϵϰͿ. El Hassan ͕;ϭϵϵϰ) found that, the average value of 
ŵŽŝƐƚƵƌĞ͕ƉƌŽƚĞŝŶ͕ĨĂƚĂŶĚĂƐŚŝŶĨĂƩĞĚĚĞƐĞƌƚƐŚĞĞƉůĂŵďƐǁĞƌĞϳϯ͘ϰϱ͕ϮϮ͘ϭϴ͕
Ϯ͘ϴϭĂŶĚϭ͘ϰйƌĞspectively. tŚŝůĞDŽŚĂŵĞĚ͕;ϮϬϬϯ) concluded that feeding 
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system had significantly (PфϬ͘ϬϱͿĂīĞĐƚĞĚŵĞĂƚƉƌŽƚĞŝŶĂŶĚŵŽŝƐƚƵƌĞĐŽŶƚĞŶƚƐ͕
ƚŚĞƌĞƉŽƌƚĞĚǀĂůƵĞƐǁĞƌĞϳϳ͘ϮϬйŵŽŝƐƚƵƌĞ͕ϭϳ͘ϭϬйƉƌŽƚĞŝŶ͕ϰ͘ϴϱйĨĂƚĂŶĚ
Ž͘ϱϵйĂƐŚĨŽƌƉĞŶĨĞĚůĂŵďƐĂŶĚƚŚŽƐĞŽĨĨƌĞĞŐƌĂǌŝŶŐǁĞƌĞϳϵ͘ϱ͕ϭϲ͘ϭϱ͕ϯ͘ϰϵ
ĂŶĚϬ͘ϲϵйƌĞƐƉĞctively. Mohamed ;ϮϬϬϰͿƌĞƉŽƌƚĞĚƚŚĂƚƚŚĞƌĞǁĞƌĞŶŽ
significant differences between the two sex groups in the percentage of 
moisture, protein, and ash. However ram lambs meat had slightly higher value 
than ewe lambs meat, fat percentage was significantly (WфϬ͘ϬϭͿŚŝŐŚĞƌŝŶĞǁĞ
lambs, tŚĞƌĞĐŽƌĚĞĚǀĂůƵĞƐĨŽƌŵĂůĞĂŶĚĨĞŵĂůĞƐƌĞƐƉĞĐƟǀĞůǇǁĞƌĞϳϱ͘ϴϵĂŶĚ
ϳϱ͘ϭϰйŵŽŝƐƚƵƌĞ͕ϮϬ͘ϳϮĂŶĚϮϭ͘ϮϮйƉƌŽƚĞŝŶ͕Ϯ͘ϬĂŶĚϮ͘ϱϴйĨĂƚ͕ĂŶĚϭ͘ϬϰĂŶĚ
ϭ͘ϬϭйĂƐŚ͘KŵĞƌ;ϮϬϬϵͿƐƚĂƚĞĚƚŚĂƚ͕ďĞƚǁĞĞŶƐĞǆĞƐƚŚĞŵŽŝƐƚƵƌĞ percentage 
was significantly (PфϬ͘ϬϱͿŚŝŐŚĞƌŝŶŵĂůĞƐƚŚĂŶĨĞŵales, the protein percentage 
was not significantly differerant but slightly higher in males than females, 
although the fat percentage was significantly (PфϬ͘ϬϱͿŚŝŐŚĞƌŝŶĨĞŵĂůĞƐƚŚĂŶ
males but the ash higher was not significant. Ă^ůĂŚ;ϮϬϭϭͿƐƚƵĚŝĞĚƚŚĞĞīĞĐƚ
management and feed supplement on performance, fertility and carcass 
characteristics of Sudan desert sheep under range conditions, he found that 
ƚŚĞƉƌŽƚĞŝŶĐŽŶƚĞŶƚǁĂƐ;ϭϴ͘ϱϴĂŶĚϭϴ͘ϬϭйͿ͕ĨĂƚ;ϭ͘ϴϵĂŶĚϭ͘ϱϮйͿ, moisture 
;ϳϲ͘ϬϯĂŶĚϳϳ͘ϴϬйͿ͕ĂƐŚ;Ϭ͘ϵϲĂŶĚϭ͘ϬϵйͿ͕t,;ϭ͘ϯϬĂŶĚϭ͘ϴϮͿĂŶĚĐŽŽŬŝŶŐ
ůŽƐƐ;ϯϲ͘ϴϴĂŶĚϰϭ͘ϴϲͿĨŽƌƚŚĞĚĞƐĞƌƚƐŚĞĞƉůĂŵďƐĨĞĚϬ͘ϱŬŐ;ϯϯйƐŽƌŐŚƵŵ
ŐƌĂŝŶ͕ϮϬйŐƌŽƵŶĚŶƵƚĐĂŬĞ͕ϰϲйŐƌŽƵŶĚŶƵƚŚƵůƐĂŶĚϭйĐŽŵŵŽŶƐĂůƚͿĂŶĚ
kept under  shades during the day compared with free grazing group which left 
under trees during the day time respectively.  
2. 7 Quality attributes 
2. 7. 1 Water holding capacity 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϯϯ
 
Water holding capacity (WHC) is defined as the ability of meat to retain its own 
or added water during application of external force such as cutting, heating, 
gridding or pressing, (Hamm, ϭϵϲϬͿ͘^ŽŵĞůŽƐƐŽĨǁĂƚĞƌŽĐĐƵƌƐĞǀĞŶĚƵƌŝŶŐƚŚĞ
mildest application of these treatments because a portion of the water 
present in the free form and there is another form as bound water, free water 
is immobilized by physical configuration of meat protein while bound water is 
attached to protein by hydrophilicgroup.   
BabikĞƌĂŶĚdŝďŝŶ;ϭϵϴϱͿĨŽƵŶd that species differ in their WHC as camel meat 
has higher WHC than beef. Desert goat muscle had higher WHC than that of 
desert sheep ;ĂďŝŬĞƌĂŶĚů<ŚŝĚŝƌ͕ϭϵϵϬͿ͘WHC was significantly lower in male 
goat kid muscles than female (Elmoula et al. ͕ϭϵϵϵ). ů,ĂƐƐĂŶ͕;ϭϵϵϰͿreported 
ƚŚĂƚt,ǀĂůƵĞǁĂƐϭ͘ϮϱŝŶĚĞƐĞƌƚƐŚĞĞƉůĂŵďƐ͕ǁŚŝůĞDŽŚĂŵĞĚ;ϮϬϬϰͿĨŽƵŶĚ
ƚŚĂƚ͕t,ǁĂƐϮ͘ϴϭĨŽƌŵĂůĞůĂŵďƐĂŶĚϮ͘ϵϵĨŽƌĞǁĞůĂŵďƐ͘KŵĞƌ;ϮϬϬϵͿ
ĨŽƵŶĚƚŚĂƚt,ŽĨŵĂůĞĚĞƐĞƌƚƐŚĞĞƉůĂŵďƐǁĂƐϮ͘ϱĂŶĚƚŚĂƚŽĨfemale was 
Ϯ͘Ϯ͘ 
2. 7. 2 Cooking loss percentage 
Cooking loss which is one of the meat quality parameters refers to the 
reduction in weight of meat during the cooking process. Cooking loss of meat 
is affected mainly by WHC (Lawrie, ϭϵϵϭͿ͘ 
Elkhidir et al., ;ϭϵϵϴͿƌĞƉŽƌƚĞĚĐŽŽŬŝŶŐůŽƐƐƉĞƌĐĞŶƚĂŐĞŽĨϯϰ͘ϮĂŶĚϯϲ͘ϲĨŽƌ
goat and sheep respectively. tŚŝůĞDŽŚĂŵĞĚ;ϮϬϬϰͿƐƚĂƚĞĚƚŚĂƚ͕ƚŚĞĐŽŽŬŝŶŐ
ůŽƐƐƉĞƌĐĞŶƚĂŐĞƐŽĨŵĂůĞĂŶĚĨĞŵĂůĞĚĞƐĞƌƚƐŚĞĞƉůĂŵďƐǁĞƌĞϯϲ͘ϳϯĂŶĚϯϳ͘ϴϰ
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ƌĞƐƉĞĐƟǀĞůǇ͘KŵĞƌ;ϮϬϬϵͿĨŽƵŶĚƚŚĂƚĐŽŽŬŝŶŐ ůŽƐƐƉĞƌĐĞŶƚĂŐĞŽĨϰϬ͘ϴĂŶĚϰϮ͘ϱ
in male and female desert lambs. 
2. 7. 3 Meat colour 
Colour is an important quality attribute for consumer in purchasing meat 
especially in beef buying consumer ;,ŽŽĚĂŶĚZŝŽƉůĂŶ͕ϭϵϳϯͿ͘dŚĞĐŽůŽƵƌŽĨ
meat may vary from the deep purplish-red of freshly cut to the light grey of 
faded cured (Boles, ϮϬϬϱͿ͘DĞĂƚĐŽůŽƵƌŝƐĚƵĞƚŽŵǇŽŐůŽďŝŶƉŝŐŵĞŶƚ
concentration in the muscle, myoglobin colour is purple-red, when oxidated it 
gives met-myoglobin which is brown in colour. The more accepted colour is 
that which develops after slaughter when meat is exposed to oxygen to form 
oxy-myoglobin with it is cherry-ůŝŬĞĐŽůŽƵƌ;>ĂǁƌŝĞ͕ϭϵϳϵͿ͘ 
El Hassan ;ϭϵϵϰͿƌĞĐŽƌĚĞĚĂǀĂůƵĞŽĨϯϱ͘ϵϵ͕ϵ͘ϵĂŶĚϱ͘ϬϱĨŽƌůŝŐŚƚŶĞƐƐ;>Ϳ͕
redness (a) and yellowness (b) of desert sheep lambs meat ͘tŚŝůĞKŵĞƌ;ϮϬϬϵͿ
ĨŽƵŶĚƚŚĂƚ͕;>Ϳ͕;ĂͿĂŶĚ;ďͿǀĂůƵĞĨŽƌŵĂůĞĂŶĚĨĞŵĂůĞĚĞƐĞƌƚůĂŵďƐǁĞƌĞϯϬ͘ϵ
ĂŶĚϯϬ͘ϱ͕ϭϰ͘ϮĂŶĚϭϲ͘ϯ͕ĂŶĚϱ͘ϮĂŶĚϰ͘ϴƌĞƐƉĞĐƟvely. On the other hand 
Mohmed ,;ϮϬϬϰͿƌĞƉŽƌƚĞĚĂǀĂůƵĞŽĨϯϰ͘ϳϮ͕ϭϲ͘ϬϮĂŶĚϰ͘ϳĨŽƌ;>Ϳ͕;ĂͿĂŶĚ;ďͿŝŶ
ŵĂůĞĚĞƐĞƌƚƐŚĞĞƉůĂŵďƐĂŶĚƚŚŽƐĞŽĨĨĞŵĂůĞǁĞƌĞϯϰ͘ϲ͕ϭϲ͘ϬϮĂŶĚϰ͘ϰ
respectively.    
2. 7. 4 Meat palatability 
Flavour and aroma as the intrinsic quality of meat odour and taste and can not 
easily separated from each other, (Crocker ϭϵϰϴͿ. Flavour is highly species 
ĚĞƉĞŶĚĂŶƚ;^ŝŶŬ͕ϭϵϳϵͿ͕ it increases with fatness and age, flavour is breed and 
sex dependant (Cole et al., ϭϵϲϬͿ.  :ĂĐŽďƐ͕;ϭϵϳϮͿƌĞƉŽƌƚƚŚĂƚůĂŵďŇĂǀŽƵƌǁĂƐ
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϯϱ
 
primarily aromatic and described as fragment oily, sweet and somewhat 
musty; ƌĂŵĞƌ;ϭϵϴϯͿĐŽŶĐůƵĚĞĚƚŚĂƚůĂŵďŇĂǀŽƵƌǁĂƐƵŶĚŽƵďƚĞĚůǇĂďůĞŶĚŽĨ
many components produced from the chemical components present in lamb 
and thermal degradation products produced from such components when 
lamb was cooked. No undesirable odours were detected on meat from entire 
male lambs (Butler-Hogg et al͕͘ϭϵϴϰĂŶĚƌĂƐĮĞůĚet al͕͘ϭϵϵϬͿ͘ 
Tenderness is the most important palatability factor affecting consumer 
satisfaction (Montgomery et al͕͘ϭϵϵϴͿ͘/ƚŝƐŵĞĂƐƵƌĞĚƐƵďũĞĐƟǀĞůǇďǇĂƚĂƐƚĞ
panel and objectively by shear force (Warner Barter Shear). Meat tenderness 
comprises two main components, a myofibrillar (muscle) component and a 
connective tissue (collagen) component, the size of muscle fibers increase with 
increasing age and become tough. Muscle fiber toughness can be minimized 
by good animal handling prior to slaughter, use of electrical stimulation, 
handling procedures used in the factory, appropriate carcass chilling practices 
ĂŶĚďǇĂŐŝŶŐƉŽƐƚƐůĂƵŐŚƚĞƌ;DŽůŽŶĞǇ͕ϭϵϵϵͿ͘^ŽŵĞĨĂĐƚŽƌƐŚĂǀĞƌĞůĂƚĞĚƚŽ
tenderness such as intramuscularly fat (Campion et al͕͘ϭϵϵϬͿ͕sacromere 
ůĞŶŐƚŚ;,ĂƌƌŝƐ͕ϭϵϳϲͿ͕ĐŽůĂŐĞŶĐŽŶƚĞŶƚ;ƵƌƐŽŶĂŶĚ,ƵŶƚ͕ϭϵϴϲͿ͘DĂŝŽƚĂŶŽet 
al͕͘;ϭϵϵϯͿĨŽƵŶĚƚŚĂƚƐŚĞĂƌĨŽƌĐĞĨŽƌlongissimus dorsi muscle was greatest for 
lamb than for withers (PфϬ͘ϬϱͿ͕ƚŚĞǇĂůƐŽŝŶĚŝĐĂƚĞƚŚĂƚŚĞĂƚ- soluble muscle 
ĐŽůĂŐĞŶĐŽŶĐĞŶƚƌĂƟŽŶǁĂƐŐƌĞĂƚĞƌĨŽƌƌĂŵƐƚŚĂŶĨŽƌǁĞƚŚĞƌƐ;ƉфϬ͘ϬϱͿ͘DĞĂƚ
of young and small breed is tenderer than those of older and large breed 
animals. Fattened animals had tender meat than lean ones. 
Juiciness is a desirable quality in cooked meat, and it relates both the initial 
impression of wetness, due to rapid release of meat fluids and the longer 
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effect brought about by the stimulating action of fat on the salivary glands 
;tĞŝƌ͕ϭϵϲϬͿ͘:ƵŝĐŝŶĞƐƐŵŽƐƚůǇĚĞƉĞŶĚs on water and fat content in the muscle 
;ĂƌůĞƐ͕ϭϵϴϯͿ͘DĞĂƚĚŝīĞƌƐŝŶũƵŝĐŝŶĞƐƐ͕ĚĞƉĞŶĚŝŶŐŽŶƐƵĐŚĨĂĐƚŽƌƐsuch as the 
quality of meat, presence of marbling, aging of carcass and interior 
temperature to which the meat is cocked ;ŝŶŶŝŽŶ͕ϭϵϲϬͿ͘ 
 Subjective evaluations of meat quality from ram and ewe lambs, scores of 
colour, juiciness, flavour intensity, tenderness and overall acceptability of 
cooked longissmus dorsi muscle were not significantly different between the 
two sexes DŽŚĂŵĞĚ͕;ϮϬϬϰͿ. dĞŶĚĞƌŶĞƐƐǁĂƐ;ϱ͘ϳϳĂŶĚϱ͘ϴϯͿ͘ũƵŝĐŝŶĞƐƐ;ϱ͘Ϭϳ
ĂŶĚϱ͘ϮϳͿ͕ŽǀĞƌĂůĂĐĐĞƉƚĂďŝůŝƚǇ;ϱ͘ϲϯĂŶĚϰ͘ϮϬͿĨŽƌĚĞƐĞƌƚůĂŵďƐĨĞĚϬ͘ϱ
concentrate compared with free grazing lambs respectively Salah, ;ϮϬϭϭͿ. 
 
 
 
 
 
Chapter Three 
Materials and methods 
3.1 study area 
3.1.1 Location 
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dŚŝƐƐƚƵĚǇǁĂƐĐŽŶĚƵĐƚĞĚĂƚůŶƵŚŽŽĚĞƐĞƌƚ^ŚĞĞƉZĞƐĞĂƌĐŚ^ƚĂƟŽŶ͕ϭϮ
kilometers East of Elnuhood town, North Kordofan State, Sudan. Elnuhood lies 
ďĞƚǁĞĞŶůĂƟƚƵĚĞƐϭϮ-ϭϰO N ĂŶĚůŽŶŐŝƚƵĚĞƐϮϳ-ϯϬϬ E, it is ĂďŽƵƚϴϬϬkilometers 
south west to Khartoum. 
3.1. 2 Climate 
The area is located within the poor Savannah belt. The climate is warm in wet 
season, hot dry in summer and cool dry in winter. The rainy season is about 
four months (mostly from July to October), peaking at August and the annual 
ĂǀĞƌĂŐĞƌĂŝŶĨĂůŝƐďĞƚǁĞĞŶϯϬϬ-ϰϬϬŵŵ;ůŶƵŚŽŽĚŵĞƚƌŽůogical station, 
ϮϬϭϬ). 
3.1.3 Topography and vegetation 
The soil is generally of smooth undulating sandy plain (Goze) dissected by 
batches of loamy sand (Gardood or Gurraba) in the southern part. The 
dominant vegetation is a mixture of thorny trees, shrubs, herbs, and grasses. 
The acacia trees are dominant in the area where Acacia senegal (Hashab) is 
the most important type from economic point of view, for it  produces Gum 
Arabic which is considered as the best cash crop, Adonsonia digitata (Tabaldy) 
trees are the famous and largest trees in west Sudan. They are used as water 
storage tanks to solve water supply problems during the dry season. Acacia 
nilotica (Sunot), Acacia nubic (Laot), Boscia senegalensis (Mokhait), Sclerocarya 
birrea (Hummait), Guira sengegalensis (Khubaish), Albezzia amara (Arad), 
Terminalia browni (Daroat)and Combretum cordofanum (Habiel)are also 
available. 
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Grasses include Dactyloctinium aegytiun (Abu-Asabi), Cenchrus bifloru 
(Haskaneet), Echnochloa colonum (Difra), Eragrostis tremula (Banu), 
Andropogon gayanus (Abu Rakhies), Zornia glockidata (Shiline),and Ipomea 
cordiosepala (Tabar), as described by Yehia, ;ϮϬϬϮͿ͘ 
3.2 Experiment  
3.2.1 Feeds and Feeding 
The ingredients of the experimental diets were ŐŝǀĞŶŝŶƚĂďůĞ;Ϯ) and the 
chemical comƉŽƐŝƟŽŶƐǁĞƌĞƐŚŽǁŶŝŶƚĂďůĞ;ϯ). 
3.2.2 Ensilage procedure 
Two tons of crushed groundnut hulls were bought from miller in Elnuhood 
town as well as two sacs (ϭϬϬŬŐͿŽĨƵƌĞĂƉƵƌĐŚĂƐĞĚĨƌŽŵƚŚĞŵĂƌŬĞƚ͘ 
ƉŝƚŽĨϰпϮпϭŵĞƚĞƌƐůĞŶŐƚŚ͕ǁŝĚƚŚĂŶĚĚĞƉƚŚǁĂƐĚƵŐĂŶĚůŝŶĞĚďǇƉůĂƐƟĐ
sheet.            Urea was dissolved in water and added to the crushed groundnut 
hulls ŝŶĂƉĞƌĐĞŶƚĂŐĞŽĨϱй. The ensiled material was manually compressed 
layer by layer ĂŶĚĐŽǀĞƌĞĚďǇƉůĂƐƟĐƐŚĞĞƚĂŶĚĂƉƉƌŽǆŝŵĂƚĞůǇϮϬĐĞŶƟŵĞƚĞƌƐ
layer of soil. 
ŌĞƌϯϬĚĂǇƐƚŚĞƐŝůŽǁĂƐŽƉĞŶĞĚ and the needed quantity of the silage was 
exposed to the sunlight so as to reduce the moisture and finally the silage is 
ready for consumption by animals. 
3.2.3 Experimental animals 
Sixty Hammri Sudanese desert lambs, thirty males and thirty females, of equal 
ages and weights with average (ϲŵŽŶƚŚƐ) and (Ϯϯ͘ϰŬŐ) respectively were 
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used in this study. The lambs were selected from the herd owned by the 
Desert Sheep Research Station, Elnuhood. The lambs were given experimental 
diet for adaptation period for fifteen days, during this period the animals were 
treated with Ivomec against external and internal parasites, dipped in diluted 
cypermethrine and provided with salt lick plus vitamins (VITADIN). After the 
adaptation period the animals were individually weighed after an overnight 
fasting to give the initial weights. The lambs were divided randomly into three 
ĨĞĞĚŝŶŐƐǇƐƚĞŵŐƌŽƵƉƐŽĨƚǁĞŶƚǇůĂŵďƐ;ϭϬŵĂůĞƐнϭϬĨĞŵĂůĞƐͿĨŽƌĞĂĐŚ͘dŚĞ
lambs were identified and ear-tagged. All the animals were kept in the same 
area and grazed together in the yard of the of the Station during the whole 
ŶŝŐŚƚĂŶĚĂƉĂƌƚŽĨƚŚĞĚĂǇ͕ĂƚϭϬ͗ϬϬŽΖĐůŽĐŬĂ͘ŵ͘ƚŚĞůĂŵďƐǁĞƌĞŬĞƉƚŝŶƐŚĂĚĞƐ
for rest and lunching of experimental feed, they were set to grĂǌĞĂƚϲ͗ϬϬ
o'clock p.m. 
DĂŶǇƐƚƵĚŝĞƐƉƌŽǀĞĚƚŚĂƚ͕ƚŚĞĂŶŝŵĂůĐĂŶĐŽŶƐƵŵĞĚϯйŽĨŝƚŝƐůŝǀĞǁĞŝŐŚƚ͕ƐŽ
ĞĂĐŚůĂŵďŶĞĞĚĂƉƉƌŽǆŝŵĂƚĞůǇϳϬϬŐŵ͘Animal in group (A) and (B) was offered 
ĂĚŝĞƚĐŽŵƉŽƐĞĚŽĨϳϳйƚƌĞĂƚĞĚŐƌŽƵŶĚŶƵƚŚƵůƐĂŶĚϮϯйŵŽůĂƐƐĞƐ͘'ƌŽƵƉ;Ϳ
wĂƐĨĞĚϰϬϬŐŵƐŝůĂŐĞŝŶĂĚĚŝƟŽŶƚŽϭϮϬŐŵ molasses, group (B) was fed 
ϮϬϬŐŵƐŝůĂŐĞŝŶĂĚĚŝƟŽŶƚŽϲϬŐŵmolasses and group (C) grazed the natural 
pasture and considered as the control. The experiment continued for ninety 
days in dry season (March- May ϮϬϭϬͿ͘ 
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dĂďůĞ;Ϯ):  Ingredients of the experimental diets 
                  Ingredient 
Groups   
U T G H gm Molasses gm 
               
Group (A) ϰϬϬ ϭϮϬ 
Group (B) ϮϬϬ ϲϬ 
Group (C) control - - 
 
 
U T G H: urea-treated groundnut hull 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϰϭ
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
dĂďůĞ;ϯ):  Chemical compositions of the experimental diets 
Chemical analysis (% of DM) DM CP CF EE Ash 
Feeds                       
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Untreated groundnut hull ϵϱ͘ϭ ϱ͘ϰϱ ϲϭ͘ϭ ϭ͘Ϯϯ ϭϮ͘ϯϳ 
Urea- treated groundnut hull  ϴϴ͘ϲ ϭϲ͘ϯϭ ϱϱ͘Ϯ ϭ͘ϴϴ ϭϬ͘Ϯϱ 
Molasses ϳϰ͘ϰ ϯ͘ϭ - - - 
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3.3 Data recording  
3.3.1 Live weights and linear Body measurements data 
 Live weights of the lambs were recorded every week in the morning after an 
overnight fast except for water to minimize error due to variation in gut fills. 
ƐƉŝƌŝŶŐďĂůĂŶĐĞŽĨŵĂǆŝŵƵŵůŽĂĚϱϬŬŐǁĂƐused. The weight gain of the live 
animal is obtained by subtracting the initial body weight from the final body 
weight.   
Body measurements were carried out every two weeks by mean of tape 
according to Owen et al ͘;ϭϵϳϳͿ as follows:  
-Ear length measured from the base of the ear   at the skull along the dorsal 
surface to the tip of the ear. 
-Head length measured from the tip of the nose to the atlas joint along the 
curvature of the head. 
-Neck length measured from the atlas joint to the first thoracic spinal process. 
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-Height at withers measured from the highest point on the dorsum of the 
animal to the ground surface at the level of the front feet. 
-Heart girth measured around the circumference of the chest just behind the 
foreleg and along the xiphoid depression. 
-body length measured from the tip of the scapular to the pin bone. 
-Tail length measured from the base to the tip. 
3.3.2 Slaughter procedure and slaughter data  
At the end of the experiment, ĨŽƵƌůĂŵďƐ;ϮŵĂůĞƐнϮĨĞŵĂůĞƐͿĨƌŽŵĞĂĐŚ
group were randomly taken and transported to Khartoum by lorry, to the 
Department of Meat Production, Factuality of Animal Production, University of 
Khartoum. After arrival the animals were rested for two days, three lambs 
were slaughtered every day in the morning after an overnight fast except for 
water. The animals were weighed just before slaughtering to determine the 
slaughter weight. 
The slaughter procedure was done according to the local Muslim practice, 
using a sharp knife to serve the jugular veins, carotid arteries, esophagus and 
trachea. After complete bleeding the head was removed at the atlnato-
oxceptal joint, skinning was done while the body was hanged using hooks.  
3. 4 Non-carcass components data  
 The head was removed at the atlnato-oxceptal joint and weighed. The skin 
and feet were weighed. The digestive tract was removed and weighed with 
and without contents and the gut fill was determined. The weight of gut fill 
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was subtracted from the slaughter weight to obtain the empty body weight 
(EBW). The heart, lung and trachea, liver and spleen were removed and 
weighed individually. Also omentum fat, mesenteric fat and reproductive 
organs were removed and weighed. The kidneys and kidney knob channel fat 
(KKCF) were left intact in the carcass and removed ĂŌĞƌĐŚŝůŝŶŐĂƚϰϬĐĨŽƌϮϰ
hours and weighed. 
3. 5 Carcass characteristics data  
Warm carcass weight was obtained immediately after skinning and 
evisceration. To avoid weight losses from evaporation all organs and offal were 
weighed immediately after dressing and each weight was recorded. Each 
ĐĂƌĐĂƐƐǁĂƐůĂďĞůĞĚĂŶĚĐŚŝůĞĚĂƚϰϬĐĨŽƌϮϰhours. Then the cold carcass was 
weighed and recorded. The tail was removed at its articulation and weighed. 
Kidneys and kidney knob channel fat were removed and weighed. The carcass 
was split along the vertebral column into left and right equal halves. The left 
half of the carcass was weighed to give the half carcass weight, and then split 
into whole sale cuts according to Smith et al ͘;ϭϵϳϴ). The major cuts included 
leg, sirloin, loin, rack and shoulder; and minor cuts included shank, breast, 
flank and neck. After the carcass was dissected into wholesale cuts, the 
subcutaneous fat thickness was measured on a joint taken from the lumber 
region ĂƚƚŚĞϰƚŚůƵŵďĂƌǀĞƌƚĞďƌĂĞďǇƵƐŝŶŐĂsĞƌŶia and recorded as 
described by Delfa et al ͘;ϭϵϴϵͿ͘dŽĞǆƉŽƐĞƚŚĞĐƌŽƐƐƐĞĐƟŽŶŽĨƚŚĞlongissimus 
dorsi ŵƵƐĐůĞ;ĞǇĞŵƵƐĐůĞͿ͕ĂĐƵƚďĞƚǁĞĞŶƚŚĞϭϮƚŚĂŶĚϭϯƚŚƌŝďƐƉĞƌƉĞŶĚŝĐƵůĂƌ
to the back was done. The out line of the cross-sectional area of longissimus 
dorsi ĂƚƚŚĞϭϮƚŚƌŝďǁĂƐƚƌĂĐĞĚŽŶĂƚƌĂĐŝng paper; the area was calculated and 
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recorded in square centimeters. Each cut was dissected into fat, muscle, bone 
and trim and each tissue was weighed and recorded. Wet towels were used to 
cover the meat during dissection to prevent loss of weight by evaporation. 
3. 6 proximate chemical analysis  
Samples for chemical analysis were taken from the longissimus dorsi muscle 
wrapped in polythene bags and stored in a deep freezer (-ϭϴOc) waiting 
analysis. Proximate determination of moisture, protein, fat, and ash content of 
the meat samples were performed according to procedure outlined by A. O. A. 
͘;ϭϵϵϬͿŵĞƚŚŽĚs. 
3.7 Quality attributes 
3.7.1 Water holding capacity 
It was determined by ƉƌĞƐƐŵĞƚŚŽĚĂĐĐŽƌĚŝŶŐƚŽ,Ăŵŵ;ϭϵϲϬͿ͘Ϭ͘ϱŐƌĂŵƐŽĨ
ground meat from longissimus dorsi muscle was put on humidified filter paper 
and pressed between two plexiŐůĂƐƐƉůĂƚĞƐĨŽƌƚŚƌĞĞŵŝŶƵƚĞƐƵƐŝŶŐϮϱŬŐůŽĂĚ͘
The areas of meat and diffused water in the filter paper were marked by a ball 
pen. The filter papers were left to dry. Using Palnimeter, the amount of water 
released from the sample was measured and by measuring the area of the 
filter paper wetted relative to the area of pressed sample. 
 
Water holding capacity = Water film area – Meat Film Area  
                                                 Meat film area  
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3. 7. 2 cooking loss determination 
The frozen samples were thawed in refrigerator overnight. The samples were 
ǁĞŝŐŚĞĚĂŶĚĐŽŽŬĞĚŝŶƉůĂƐƟĐďĂŐƐŝŶǁĂƚĞƌƉĂƚŚĂƚϵϬϬĐĨŽƌϵϬŵŝŶƵƚĞƐ͕ĂŶĚ
then cooled in running tap ǁĂƚĞƌĨŽƌϮϬŵŝŶƵƚĞƐ͕ĚƌŝĞĚďǇƵƐŝŶŐĂďƐŽƌďĞŶƚ
kitchen paper and allowed to cool and weighed. The differences in weight of 
the samples before and after cooking were recorded as the total cooking loss 
and expressed as a percentage of weight before cooking. 
Cooking loss = Wt. Before cooking - Wt. After cooking X ϭϬϬ 
                    Wt. Before cooking 
3. 7. 3 Objective Colour measurements 
The semimembraneous muscle dissected from the cold carcass was freed from 
the external fat and connective tissue and thĞŶĂůŽǁĞĚƚŽŽǆǇŐĞŶĂƚĞĨŽƌϯϬ
ŵŝŶƵƚĞƐĂƚϰϬc before colour determination by Hunter Laboratory Tri-stimulus 
colorimeter L (lightness), a (redness) and b (yellowness) and the colour 
determined was recorded. 
3. 7. 4 Subjective sensory evaluations taste  
Meat samples for sensory evaluation were taken from the loin cut, wrapped in 
polythene bags and stored in deep freezer for the taste panel test. 
Ten semi-trained panelists were chosen for this purpose. Each sample was 
ƚŚĂǁĞĚŽǀĞƌŶŝŐŚƚĂƚϰOc and then wrapped in an aluminum foil and cooked in 
an electric ŽǀĞŶĂƚϭϮϱOĐĨŽƌϰϱŵŝŶƵƚĞƐ͘dŚĞŵĞĂƚƐĂŵƉůĞƐǁĞƌĞĐƵƚŝŶƚŽƐŵĂů
pieces about one square inch and randomly presented warm on numbered 
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plates to the panelists. Each sample was given a three digital code numbers 
that were changed on each session. The panelists were asked to assess the 
colour, flavor, tenderness, juiciness and overall acceptability. Each panelist was 
randomly provided with six different meat samples, The panelists were 
requested to score colour, flavour, tenderness, juiciness and overall 
accepƚĂďŝůŝƚǇŽĨĞĂĐŚƐĂŵƉůĞŝŶϭ– ϱ point hedonic scale where, one was 
extremely undesirable, extremely bland, extremely tough, extremely dry and 
extremely unacceptable, while five was extremely desirable, extremely 
intense, extremely tender, extremely juicy and extremely acceptable 
respectively. The panelists were asked to avoid food and tobacco two hours 
before tasting. Tap water at room temperature was available to remove the 
remaining flavor of the previous samples. The scores were averaged for each 
character which gave the score of that particular parameter. 
3. 8 Statistical analysis:  
Randomized complete block design of ;ϯпϮͿĨĂĐƚŽƌŝĂů arrangement was used 
in the study. Data were statistically analyzed using analysis of variance 
ƉĞƌƚĂŝŶŝŶŐƚŽĨĂĐƚŽƌŝĂůĂƌƌĂŶŐĞŵĞŶƚďǇ^W^ ^ǀĞƌƐŝŽŶϭϬ͘Ϭϱ-computer program. 
Treatment means were compared by Duncan's multiple range tests. 
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Chapter Four 
Results 
4.1 Feedlot performance 
        The animal health was generally good and no mortality was recorded. 
4. 1.1 live body weights  
The effects of three treatment groups on   feedlot performance and live weight 
gain of the experimental lambs are shown in figure (ϭ). The initial body weights 
ǁĞƌĞϮϱ͘ϭϯ͕Ϯϰ͘ϳϴ ĂŶĚϮϰ͘ϵϵŬŐƌĞƐƉĞĐƟǀĞůǇĨŽƌŐƌoups A, B and C. The weights 
were not significantly (P>Ϭ͘ϬϱͿĚŝīĞƌĞŶƚ.  The ĮŶĂůďŽĚǇǁĞŝŐŚƚƐǁĞƌĞϮϳ͘ϰϭ͕
Ϯϲ͘ϮϰĂŶĚϮϱ͘ϰϱŬŐĨŽƌŐƌŽƵƉ͕ĂŶĚƌĞƐƉĞĐƟǀĞůǇ͕ƚŚĞǇǁĞƌĞŶŽƚ
significantly different, but group A has the highest weight followed by group B, 
and group C as the lowest weight. The supplemented groups A and B gave a 
ƐŝŐŶŝĮĐĂŶƚůǇ;WфϬ͘ϬϬϭͿŚŝŐŚĞƌƚŽƚĂůǁĞŝŐŚƚŐĂŝŶǁŝƚŚŝŶĐƌĞĂƐŝŶŐƚŚĞĂŵŽƵŶƚŽĨ
ƐƵƉƉůĞŵĞŶƚĞĚĚŝĞƚϮ͘ϮϵŬŐĨŽƌŐƌŽƵƉĂŶĚϭ͘ϰϴŬŐĨŽƌŐƌŽƵƉŝŶĐŽŵƉĂƌŝƐŽŶ
ǁŝƚŚŐƌŽƵƉƚŚĞĐŽŶƚƌŽůǁŚŝĐŚŚĂĚƚŚĞůŽǁĞƐƚǀĂůƵĞϬ͘ϰϲŬŐ͘Daily weight 
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gains of the treatment groups were significantly (P<Ϭ͘ϬϬϭ) different, their 
values were Ϯϱ͘ϰϮ͕ϭϲ͘ϯϵĂŶĚϱ͘ϭϰŐŵ for groups A, B and C respectively. 
&ŝŐƵƌĞ;ϮͿƐŚŽǁĞĚƚŚĞĞīĞĐƚŽĨƚŚĞƐĞǆŽŶƉĞƌĨŽƌŵĂŶĐĞŽĨĚĞƐĞƌƚƐŚĞĞƉ
(hammari ecotype) lambs, initial body weights were not significantly different. 
The final body weights were significantly difference (P<Ϭ͘ϬϱͿ. Male weight 
(Ϯϳ͘ϰϬŬŐ) was higher than that of females (Ϯϱ͘ϯϯŬŐ). The total weight gains 
were significantly different (P<Ϭ͘ϬϭͿ͘DĂůĞƐŐĂŝŶĞĚ(ϭ͘ϳϱŬŐ) and female gained 
;ϭ͘Ϭϳkg). The males daily weight gains (ϭϵ͘ϰϰŐŵ) were significantly higher (P< 
Ϭ͘ϬϭͿƚŚĂŶ those of females (ϭϭ͘ϴϱŐŵ).  
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4. 1. 2 Linear body measurements  
Effects of three experimental treatments groups on linear body measurements 
of live animals are shown in table (ϰ). Ear length, head length, neck length, tail 
length, height at withers, heart girth and body length. The data revealed no 
significant differences between treatment groups with exception of heart girth 
which was significantly (PфϬ͘ϬϱͿŚŝŐŚĞƌŝŶĂŶŝŵĂůƐŝŶŐƌŽƵƉ;ͿƚŚĂŶƚŚĂƚŝŶ
group (B) and (C).  
Effect of sex on body measurements are shown in tabůĞ;ϱ). Male had 
significantly (PфϬ͘ϬϱͿŐƌĞĂƚĞƌŚĞĂĚůĞŶŐƚŚ͕neck length, height at wither, heart 
girth and significantly (PфϬ͘ϬϭͿŐƌĞĂƚĞƌďŽĚǇůĞŶŐƚŚƚŚĂŶƚŚŽƐĞŽĨĨĞŵĂůĞs. Ear 
length and tail length were not significantly different, but males had got the 
superior values than that of females. 
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Table (ϰ): Effect of feeding urea-treated groundnut hulls and molasses on 
linear body measurements (cm) of Hammari desert sheep lambs ;ŶсϮϬ) 
Parameter  Feeding treatments 
Mean ±  SE 
L S 
A B C 
Ear length ϭϲ͘ϳцϭ͘ϯ ϭϲ͘ϰцϭ͘ϳ ϭϱ͘ϲцϮ͘ϱ NS 
Head length Ϯϴ͘ϳцϭ͘ϯ Ϯϴ͘ϴцϭ͘ϱ Ϯϴ͘Ϯцϭ͘ϲ NS 
Neck length Ϯϱ͘ϵцϮ͘ϴ Ϯϱ͘ϭцϭ͘ϳ Ϯϱ͘ϰцϭ͘ϴ NS 
Height at 
wither 
ϲϴ͘ϵцϯ͘ϱ ϲϴ͘ϰцϯ͘ϭ ϲϴ͘ϴцϯ͘ϲ NS 
Heart girth ϲϴ͘ϵцϯ͘ϵa ϲϳ͘ϭцϰ͘Ϯb ϲϳ͘ϭцϰ͘Ϯb * 
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Body length ϱϴ͘ϰцϮ͘ϴ ϱϳ͘ϳ цϰ͘Ϯ ϱϳ͘ϵцϯ͘ϯ NS 
Tail length ϱϱ͘Ϯцϯ͘ϰ ϱϲ͘ϯцϲ͘ϭ ϱϰ͘Ϭцϱ͘Ϭ NS 
 
In this and subsequence tables means: 
Wt: Weight 
SE:  Standard error 
LS:  Least significance 
NS: Not Significant at (P>Ϭ͘ϬϱͿ 
Ύ͗ƐŝŐŶŝĮĐĂŶƚĂƚ;WфϬ͘ϬϱͿ 
**: ƐŝŐŶŝĮĐĂŶƚĂƚ;WфϬ͘ϬϭͿ 
***: significant at (PфϬ͘ϬϬϭͿ 
a,b: Means within the same row followed by different superscripts are 
ƐŝŐŶŝĮĐĂŶƚůǇ;WфϬ͘ϬϱͿĚŝīĞƌĞŶƚ͘ 
͗&ƌĞĞŐƌĂǌŝŶŐŽīĞƌĞĚϰϬϬŐŵhd',ŝŶĂĚĚŝƟŽŶƚŽϭϮϬŐŵŵŽůĂƐƐĞƐ͘ 
͗&ƌĞĞŐƌĂǌŝŶŐŽīĞƌĞĚϮϬϬŐhd',ŝŶĂĚĚŝƟŽŶƚŽϲϬŐŵŵŽůĂƐƐĞƐ͘ 
C: Free grazing lambs. 
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Table (ϱ): Effect of sex on linear body measurements (cm) of Hammari desert 
sheep lambs (n=30)    
Parameter Sex 
Mean ±  SE 
LS 
Male Female 
Ear ϭϲ͘ϰцϭ͘ϰ ϭϲ͘ϬцϮ͘Ϯ NS 
Head Ϯϵ͘Ϭцϭ͘ϲ Ϯϴ͘Ϯц ϭ͘Ϯ * 
Neck Ϯϱ͘ϳцϭ͘ϲ Ϯϱ͘ϯцϮ͘ϲ * 
Height at wither ϲϵ͘ϯцϯ͘ϱ ϲϴ͘ϯϭцϯ͘Ϯ * 
Heart girth ϲϴ͘ϯцϰ͘ϳ ϲϳ͘ϯццϯ͘ϵ * 
Body length ϱϴ͘ϱцϯ͘ϯ ϱϳ͘ϱцϮ͘ϴ ** 
Tail ϱϱ͘ϲцϱ͘Ϭ ϱϰ͘Ϭцϱ͘ϭ NS 
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dĂďůĞ;ϲ): Correlations between body weight and linear body measurements of 
Hammari desert sheep ůĂŵďƐ;ŶсϲϬͿ 
 
Parameter  R Standard error LS 
Ear length  Ϭ͘ϱϴ ϯ͘ϳϱ NS  
Head length  Ϭ͘ϱϴ ϯ͘ϭϲ *** 
Neck length  Ϭ͘ϰϳ ϯ͘ϯϴ ** 
Height at wither  Ϭ͘ϲϭ ϯ͘Ϭϭ *** 
Heart girth  Ϭ͘ϴϮ Ϯ͘Ϯ *** 
Body length  Ϭ͘ϳϭ Ϯ͘ϲϵ *** 
Tail  length  Ϭ͘ϰϵ ϯ͘ϯϯ * 
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4. 1. 3 Correlation between live bodyweight and linear body measurements 
 Correlation coefficients between body weight and different body 
measurements are given in table (ϲ). Height at wither, heart girth and body 
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length were positively correlated with ƚŚĞďŽĚǇǁĞŝŐŚƚ;ƌсϬ͘ϲϮ͕ƉфϬ͘ϬϬϬ), (r= 
Ϭ͘ϴϮ͕ƉфϬ͘ϬϬϬͿĂŶĚ;ƌс Ϭ͘ϳϭ͕ƉфϬ͘ϬϬϬ) respectively. Other linear body 
measurements did not show positive correlation with body weight. 
The equations generated using the Linear Model:  
Simple regression: Y = a + b X  
Y = weight of animal (kg) 
a = Intercept, (constant).  
b = Slope, the regression coefficient the change in Y per unit change in x.  
X= body measurements. (cm) 
 (i) Independent Variable = Body length 
 Body weight =  - ϮϬ͘ϭϵϯ+Ϭ͘ϴϯϬ Body length  (RϮ= Ϭ͘ϱϬϳ) 
(ii) Independent Variable= Height at withers 
       Body weight =  - ϭϴ͘ϲϵϴ +Ϭ͘ϲϴϳ Height at withers (RϮ= Ϭ͘ϯϴϮ) 
(iii) Independent Variable = Heart girth 
     Body weight = – ϯϲ͘ϱϰϯ +Ϭ͘ϵϮϴ Heart girth            (RϮ= Ϭ͘ϲϳϬ) 
4. 2. Carcass characteristics 
Carcass characteristics include slaughter weight, empty body weight, hot and 
cold carcass weight, half carcass weight, dressing out percentage and gut fill 
ǁĞŝŐŚƚĂƌĞƐŚŽǁŶŝŶƚĂďůĞ;ϳ)  
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4. 2. 1 Slaughter weights and gut fill weights             
Effect of the feeding system on carcass characteristics is represented in table 
;ϳ). ů^ĂƵŐŚƚĞƌǁĞŝŐŚƚƐǁĞƌĞŶŽƚƐŝŐŶŝĮĐĂŶƚůǇ;WхϬ͘ϬϱͿĚŝīĞƌĞŶƚ; group A had 
the heaviest weight followed by group B and group C had the lightest weight. 
Supplementation groups showed the highest slaughter weights, group A (Ϯϲ͘Ϯϱ 
kg), group B (Ϯϯ͘ϲϵ kg) and group C (ϮϮ͘ϮϱŬŐ), slaughter weights increased 
with increasing amount of offered supplementation. Hot carcass weights were 
ϭϬ͘ϵϯ͕ϵ͘ϴϭĂŶĚϴ͘ϯϴŬŐĨŽƌŐƌŽƵƉs A, B and C respectively. Group A had the 
heaviest weight than group B and group C but they were not significantly (P> 
Ϭ͘ϬϱͿĚŝīĞƌĞŶƚ. Cold carcass weights were not signŝĮĐĂŶƚůǇ;WхϬ͘ϬϱͿĚŝīĞƌĞŶƚ͘
Their values were ϭϬ͘Ϯϯ͕ϵ͘ϭϵĂŶĚϴ͘ϯϴŬŐĨŽƌŐƌŽƵƉs A, B and C respectively. 
Group A showed the top value followed by group B and the lowest value was 
recorded by group C. Guts fill weights were not significĂŶƚůǇ;WхϬ͘ϬϱͿĚŝīĞƌĞŶƚ, 
but group A had the heaviest ǁĞŝŐŚƚ;ϲ͘ϲϱŬŐͿĨŽůŽǁĞĚďǇŐƌŽƵƉ;ϲ͘ϰϭŬŐͿĂŶĚ
ŐƌŽƵƉ;ϱ͘ϵϴŬŐͿƌĞĐŽƌĚĞĚƚŚĞůŝŐŚƚĞƐƚ weight. ŵƉƚǇďŽĚǇǁĞŝŐŚƚƐǁĞƌĞϭϵ͘ϯϱ
ŬŐ͕ϭϳ͘ϮϴŬŐĂŶĚϭϲ͘ϮϳŬŐĨŽƌŐƌŽƵƉs A, B and C respectively although they were 
not signifŝĐĂŶƚůǇ;WхϬ͘ϬϱͿĚŝīĞƌĞŶƚ͕ the highest value was found in group A 
and the lowest value was recorded by group C.                                                                                                                             
4. 2. 2 Subcutaneous fat thicknesses 
Subcutaneous fat thickŶĞƐƐ;ŵŵͿǁĂƐŐŝǀĞŶŝŶƚĂďůĞ;ϳ) the treatment groups 
were not significantly (PхϬ͘ϬϱͿĚŝīĞƌĞŶƚ͕subcutaneous fat thickness decreased 
with decreasing the supplementation amount of offered feed. Group A 
;Ϭ͘ϯϰŵŵͿƐŚŽǁĞĚƚŚĞŚŝŐŚĞƐƚƚŚŝĐŬŶĞƐƐĂŶĚŐƌŽƵƉ;Ϭ͘ϮϬŵŵͿǁĂƐƚŚĞůĞĂƐƚ
thickness.  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϲϭ
 
4. 2. 3 Eye muscle area 
dĂďůĞ;ϳ) showed that eye muscle areas (cmϮ) gradually decreasing from group 
A to group C but they were not significantly (PхϬ͘ϬϱͿĚŝīĞƌĞŶƚ͘dheir values 
ǁĞƌĞϵ͘Ϯ͕ϴ͘ϵĂŶĚϴ͘ϬcmϮ in feeding groups A, B and C respectively.  
 
4. 2. 4 Dressing out percentage 
ƐƐŚŽǁŶŝŶƚĂďůĞ;ϳ) dressing out percentage on whether on slaughter weight 
bases or empty body weight bases ǁĂƐŶŽƚƐŝŐŶŝĮĐĂŶƚůǇ;WхϬ͘ϬϱͿĚŝīĞƌĞŶt 
among treatment groups. It was found ƚŽďĞϰϭ͘ϲϴй͕ϰϭ͘ϯϳйĂŶĚ ϰϭ͘ϬϰйĨŽƌ
group A, B and C respectively. Dressing out percentage on empty body weight 
ďĂƐĞƐǁĂƐϱϲ͘ϳϱй͕ϱϱ͘ϯϱйĂŶĚϱϲ͘ϯϭйĨŽƌŐƌŽƵƉ͕ĂŶĚ respectively, but  
group A had slightly higher dressing percentage than groups B and C.  
4. 2. 5 Effect of sex on slaughter weights and gut fill weights 
Effect of sex on carcass characteristics of the desert lambs was shown in Table 
;ϴ), Slaughter weights ǁĞƌĞŶŽƚƐŝŐŶŝĮĐĂŶƚůǇ;WхϬ͘ϬϱͿĚŝīĞƌĞŶƚĂůƚŚŽƵŐŚŵĂůĞƐ
;Ϯϰ͘ϬϴŬŐͿǁĞƌĞƐůŝŐŚƚůǇŚĞĂǀŝĞƌƚŚĂŶĨĞŵĂůĞƐ;Ϯϰ͘ϬϰŬŐͿ͘,ŽƚĐĂƌĐĂƐƐǁĞŝŐŚƚƐ
ǁĞƌĞŶŽƚƐŝŐŶŝĮĐĂŶƚůǇ;WхϬ͘ϬϱͿĚŝīĞƌĞŶƚ͕ŵĂůĞƐ;ϵ͘ϵϴŬŐͿǁĞƌĞƐůŝŐŚƚůǇŚĞĂǀŝĞƌ
ƚŚĂŶĨĞŵĂůĞƐ;ϵ͘ϵϲŬŐͿ͘ŽůĚĐĂƌĐĂƐƐweights were not significantly different 
ďĞƚǁĞĞŶŵĂůĞƐĂŶĚĨĞŵĂůĞƐ͕ďƵƚŵĂůĞƐŚĂĚŐŽƚŚĞĂǀŝĞƌǁĞŝŐŚƚƐ;ϵ͘ϰϮŬŐͿƚŚĂŶ
ƚŚĂƚŽĨĨĞŵĂůĞƐ;ϵ͘ϭϭŬŐͿ͘Slaughter weights, hot carcass weight and chilled 
ǁĞŝŐŚƚǁĞƌĞŶŽƚƐŝŐŶŝĮĐĂŶƚůǇ;WхϬ͘ϬϱͿĚŝīĞƌĞŶƚďƵƚŵĂůĞƐŚŽǁĞd heavier 
weight.   
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'ƵƚĮůǁĞŝŐŚƚǁĞƌĞŶŽƚƐŝŐŶŝĮĐĂŶƚůǇ;WхϬ͘ϬϱͿĚŝīĞƌĞŶƚďĞƚǁĞĞŶƐĞǆĞƐ͕ďƵƚ
ĨĞŵĂůĞƐŚĂĚŐŽƚƚŚĞŚŝŐŚĞƌŐƵƚĮůǁĞŝŐŚƚ;ϲ͘ϲϬŬŐͿƚŚĂŶŵĂůĞƐ;ϲ͘ϬϴŬŐͿ͘ 
ŵƉƚǇďŽĚǇǁĞŝŐŚƚƐǁĞƌĞϭϴ͘ϬϬŬŐĂŶĚϭϳ͘ϮϳŬŐĨŽƌŵĂůĞƐĂŶĚĨĞŵĂůĞƐ͕ƚŚĞ
weights were higher in males than females but they were not  significantly (P> 
Ϭ͘ϬϱͿĚŝīĞƌĞŶƚ͘ 
 
 
 
 
dĂďůĞ;ϳ): Effect of feeding urea-treated groundnut hulls and molasses on 
carcass characteristics of Hammari desert sheep lambs ;ŶсϰͿ 
Parameter Feeding treatments 
Mean ± SE 
LS 
A B C 
Slaughter(kg)  Ϯϲ͘Ϯϱцϯ͘ϯϬ Ϯϯ͘ϲϵцϮ͘ϭϱ ϮϮ͘ϮϱцϬ͘ϵϲ NS 
Hot carcass (kg) ϭϬ͘ϵϯцϭ͘ϰϮ ϵ͘ϴϭцϭ͘ϭϰ ϵ͘ϭϱцϬ͘ϱϭ NS 
Cold carcass (kg) ϭϬ͘Ϯϯцϭ͘ϱϵ ϵ͘ϭϵцϭ͘Ϭϳ ϴ͘ϯϴцϬ͘ϰϴ NS 
Half carcass (kg) ϱ͘ϭϯцϬ͘ϴϱ ϰ͘ϲϵцϬ͘ϲϯ ϰ͘ϮϱцϬ͘ϮϬ NS 
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Gut fill (kg) ϲ͘ϲϱцϬ͘ϴϵ ϲ͘ϰϭцϭ͘ϯϲ ϱ͘ϵϴцϬ͘ϰϰ NS 
Empty body (kg)  ϭϵ͘ϯϱцϯ͘Ϭϰ ϭϳ͘Ϯϴцϭ͘ϱϳ ϭϲ͘ϮϳцϬ͘ϵϰ NS 
Subcutaneous fat  
thickness (mm) 
Ϭ͘ϯϰцϬ͘Ϭϵ Ϭ͘ϮϴцϬ͘Ϭϱ Ϭ͘ϮϬцϬ͘Ϭϲ NS 
Eye muscle 
area(cmϮ)   
ϵ͘Ϯцϯ͘ϲ ϴ͘ϵцϬ͘ϳ ϴ͘Ϭцϭϱ NS 
Dressing out % on 
slaughter body  wt   
ϰϭ͘ϲϴцϭ͘Ϭϯ ϰϭ͘ϯϳцϭ͘Ϭϯ ϰϭ͘Ϭϰцϭ͘Ϭϯ NS 
Dressing out % on 
empty body wt      
ϱϲ͘ϳϱцϭ͘ϰϭ ϱϱ͘ϯϱцϭ͘ϰϭ ϱϲ͘ϯϭцϭ͘ϰϭ NS 
 
 
 
 
 
 
Table (ϴ): Effect of sex on carcass characteristics of Hammari desert sheep 
Lambs ;ŶсϲͿ 
Parameter Sex LS 
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Mean ±  SE 
Male Female 
Slaughter (kg) Ϯϰ͘Ϭϴцϭ͘ϭϳ Ϯϰ͘Ϭϰцϭ͘ϭϳ NS 
Hot carcass (kg) ϵ͘ϵϴцϬ͘ϱϮ ϵ͘ϵϲцϬ͘ϱϮ NS 
Cold carcass (kg) ϵ͘ϰϮцϬ͘ϱϮ ϵ͘ϭϭцϬ͘ϱϮ NS 
Half carcass (kg) ϰ͘ϴϵцϬ͘ϲϭ ϰ͘ϱϬцϬ͘ϲϭ NS 
Gut fill  (kg) ϲ͘Ϭϴ цϬ͘ϰϯ ϲ͘ϲϬцϬ͘ϰϯ NS 
Empty body (kg) ϭϴ͘ϬϬцϭ͘ϬϬ ϭϳ͘Ϯϳцϭ͘ϬϬ NS 
Subcutaneous fat 
thickness (mm) 
Ϭ͘ϯϬцϬ͘Ϭϴ Ϭ͘ϰϭцϬ͘Ϭ * 
Eye muscle 
area(cmϮ) 
ϭϬ͘ϬцϮ͘ϭ ϳ͘ϰцϭ͘Ϯ ** 
Dressing out % on 
slaughter body wt 
ϰϭ͘ϮϮцϬ͘ϴϰ ϰϭ͘ϱϭцϬ͘ϴϰ NS 
Dressing out % on 
empty body wt 
ϱϱ͘Ϯϱцϭ͘ϭϱ ϱϳ͘ϬϮцϭ͘ϭϱ NS 
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4. 2. 6 Effect of sex on subcutaneous fat thicknesses, eye muscle area and 
dressing out percentage  
dĂďůĞ;ϴ) showed effect of sex on subcutaneous fat thicknesses, eye muscle 
area and dressing out percentage. Subcutaneous fat thickness between sexes 
was significantly (PфϬ͘ϬϱͿŚŝŐŚĞƌŝŶĨĞŵĂůĞƐ;Ϭ͘ϰϭͿŵŵƚŚĂŶƚŚĂƚŝŶŵĂůĞƐ;Ϭ͘ϯϬͿ
ŵŵ͘Ϳ͕ŵĂůĞƐ;ϭϬ͘ϬͿĐŵϮ had significantly (PфϬ͘ϬϭͿŐƌĞĂƚĞƌĞǇĞŵƵƐĐůĞĂƌĞĂ
ƚŚĂŶƚŚĂƚŽĨĨĞŵĂůĞƐ;ϳ͘ϰĐŵϮ). Between sexes dressing out percentage was not 
significantly different. On slaughter weight basis, females had higher dressing 
ŽƵƚƉĞƌĐĞŶƚĂŐĞ;ϰϭ͘ϱϭйͿƚŚĂŶŵĂůĞƐ;ϰϭ͘ϮϮйͿĂŶĚƚŚĞƐĂŵĞƚƌĞŶĚĨŽƌ
dressing out percentage on empty body weight, females had higher dressing 
ŽƵƚƉĞƌĐĞŶƚĂŐĞ;ϱϳ͘ϬϮйͿƚŚĂŶŵĂůĞƐ;ϱϱ͘ϮϱйͿ. 
4. 2. 7 Carcass yield 
4. 2. 7. 1 Wholesale cuts weight 
Effect of the experimental diet on the commercial wholesale cuts weights (gm) 
were given in taďůĞ;ϵ), they were not significantly (PхϬ͘ϬϱͿĚŝīĞƌĞŶƚĨŽƌ
dietary groups  
 EĞĐŬǁĞŝŐŚƚǁĂƐŐƌĞĂƚĞƌŝŶŐƌŽƵƉ;ϰϰϭ͘ϲ gmͿĨŽůŽǁĞĚďǇŐƌŽƵƉ;ϯϵϴ͘ϴͿ
ĂŶĚƚŚĞůĞĂƐƚǁĞŝŐŚƚ;ϯϰϴ͘ϬͿƌĞĐŽƌĚĞĚ by group C. Shoulder weights were 
ϳϱϬ͘ϯ͕ϳϭϱ͘ϭĂŶĚϲϰϬ͘ϲ gm for group A, B and C respectively, group A had got 
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the highest neck weight followed by group B and group C had the lowest neck 
weight. Breast weights ǁĞƌĞϯϲϭ͘ϲŐŵĨŽƌŐƌŽƵƉĂƐ the heaviest weight 
ĨŽůŽǁĞĚďǇŐƌŽƵƉ;ϯϭϬ͘ϵgm) and group ŚĂĚƚŚĞůŝŐŚƚĞƌǁĞŝŐŚƚϮϵϲ͘ϯgm. 
Foreshank weights reveal that group A had got the heaviest weight ϲϬϵ͘ϯ gm 
ĨŽůŽǁĞĚďǇŐƌŽƵƉ;ϱϮϳ͘ϰ gm) and the leaƐƚǁĞŝŐŚƚĨŽƌŐƌŽƵƉ;ϱϮϬ͘ϴ gm). 
The recorded data for Rack weights were highest in group A (ϰϮϯ͘ϬŐŵ), 
followed by group C (ϰϭϬ͘ϱŐŵ) and group B had the  
dĂďůĞ;ϵ):  Effect of feeding urea-treated groundnut hulls and molasses on   
wholesale cuts weights (gm) of Hammri desert sheep lambs ;ŶсϰͿ. 
Parameter Feeding treatments 
Mean ± SE 
LS 
A B C 
Rack ϰϮϯ͘Ϭцϴϯ͘ϰ ϯϴϵ͘Ϭцϱϯ͘ϳ ϰϭϬ͘ϱцϰϴ͘ϱ NS 
Loin ϯϲϯ͘ϱцϰϳ͘ϴ Ϯϴϰ͘Ϭцϱϯ͘ϴ ϯϮϳ͘ϳцϯϭ͘ϭ NS 
Flank ϭϴϱ͘Ϭцϭϯϴ͘Ϭ ϭϮϱ͘ϴцϯϭ͘ϲ ϭϮϭ͘Ϭцϭϰ͘ϯ NS 
Shoulder ϳϱϬ͘ϯцϭϳϴ͘ϲ ϳϭϱ͘ϭцϵϵ͘ϭ ϲϰϬ͘ϲцϰϲ͘ϱ NS 
Neck ϰϰϭ͘ϲцϳϵ͘ϰ ϯϵϴ͘ϴцϰϱ͘ϵ ϯϰϴ͘ϬцϯϮ͘ϯ NS 
Leg ϭϯϯϯ͘ϯцϮϰϯ͘ϴ ϭϭϯϰ͘ϵцϭϯϬ͘ϲ ϭϬϲϭ͘ϴцϱϭ͘ϵ NS 
Fore shank ϲϬϵ͘ϯцϵϴ͘ϳ ϱϮϬ͘ϴцϵϯ͘ϴ ϱϮϳ͘ϰцϮϱ͘ϳ NS 
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Breast ϯϲϭ͘ϲцϯϳ͘ϳ ϯϭϬ͘ϵцϱϰ͘Ϭ Ϯϵϲ͘ϯцϯϵ͘ϲ NS 
Sirloin ϯϰϵ͘ϵцϰϱ͘ϱ ϯϯϬ͘Ϭцϰϲ͘ϰ Ϯϵϳ͘ϵцϰϳ͘ϱ NS 
 
 
 
 
 
 
 
 
 
 
lowest weight (ϯϴϵ͘ϱŐŵ). Loin weights showed that group A gave the heaviest 
weight (ϯϲϯ͘ϱgm) followed by group B (ϯϯϱ͘ϱ gm) and the least weight 
recorded by group C (Ϯϴϰ͘ϬŐŵ).  
C. Sirloin showed heaviest ǁĞŝŐŚƚ;ϯϲϭ͘ϲ gm) for group A followed by group B 
;ϯϭϬ͘ϵ gm) and ŐƌŽƵƉǁŚŝĐŚŚĂŚŐŽƚůŽǁĞƐƚǁĞŝŐŚƚ;Ϯϵϲ͘ϯͿŐŵ.  Weights of 
ƚŚĞŇĂŶŬǁĞƌĞϭϴϱ͘Ϭ͕ϭϮϱ͘ϴĂŶĚϭϮϭ͘ϬŐŵƌĞƐƉĞĐƟǀĞůǇĨŽƌƚƌĞĂƚŵĞŶƚ groups A, 
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B and C. Leg weights ǁĞƌĞƐůŝŐŚƚůǇŚŝŐŚŝŶŐƌŽƵƉ;ϭϯϯϯ͘ϯ gm) followed by 
ŐƌŽƵƉ;ϭϭϯϰ͘ϵ gm) ĂŶĚƚŚĞůĞĂƐƚǁĞŝŐŚƚƌĞĐŽƌĚĞĚďǇŐƌŽƵƉ;ϭϬϲϭ͘ϴgm). 
Effect of sex on wholesale cƵƚƐǁĞŝŐŚƚŝƐŐŝǀĞŶŝŶƚĂďůĞ;ϭϬ). Neck, breast and 
sirloin were significantly (PфϬ͘ϬϱͿĚŝīĞƌĞŶƚ͘  
Neck weight was significantly (PфϬ͘ϬϱͿŐƌĞĂƚĞƌŝŶŵĂůĞƐ;ϰϮϲ͘ϲ gm) than that of 
ĨĞŵĂůĞƐ;ϯϲϱ͘ϰͿ͘ĞƚǁĞĞŶ ƐĞǆĞƐŵĂůĞƐƐŚŽƵůĚĞƌǁĞŝŐŚƚ;ϳϰϯ͘ϭ gm) was higher 
than in ĨĞŵĂůĞƐ;ϲϲϬ͘ϵ gm). &ĞŵĂůĞƐďƌĞĂƐƚǁĞŝŐŚƚƐ;ϯϯϳ͘ϵ gm) were 
significantly (PфϬ͘ϬϱͿŐƌeater than that of males (ϯϬϳ͘ϵ gm). Females sirloin 
ǁĞŝŐŚƚ;ϯϯϳ͘ϵgm) were significantly (PфϬ͘ϬϱͿŐƌĞĂƚĞƌƚŚĂŶƚŚĂƚŽĨŵĂůĞƐ;ϯϬϳ͘ϵ 
gm). Foreshank weights between sexes ǁĞƌĞŶŽƚƐŝŐŶŝĮĐĂŶƚůǇ;ƉхϬ͘ϬϱͿ
different, but males had higher value ;ϱϳϬ͘ϮŐŵͿthan that of ĨĞŵĂůĞƐ;ϱϯϰ͘ϴ
gm). Rack weights were not significantly different (P>Ϭ͘ϬϱͿin sex groups, males 
ŚĂĚŚŝŐŚĞƌƌĂĐŬǁĞŝŐŚƚ;ϰϮϱ͘ϴ gm) ƚŚĂŶĨĞŵĂůĞƐ;ϯϵϱ͘Ϯ gm).  There were no 
significant differences between sexes for loin weights; lion weight was greater 
in malĞƐ;ϯϰϮ͘ϳͿŐŵƚŚĂŶŝŶĨĞŵĂůĞƐ;ϯϭϮ͘ϳͿŐŵ͘ Sirloin was found to be 
significantly (PфϬ͘ϬϱͿŚŝŐŚĞƌŝŶĨĞŵĂůĞƐ;ϯϯϱŐŵͿƚŚĂŶŝŶŵĂůĞƐ;ϯϭϳŐŵͿ͘ Flank 
weights ǁĞƌĞϭϱϴ͘ϳŐŵŝŶŵĂůĞƐĂŶĚϭϮϵ͘ϮŐŵŝŶĨĞŵĂůĞƐ͕ĨĞmales had higher 
weights than male weights, but there were not significantly different. Leg 
weights were not significantly (PхϬ͘ϬϱͿ 
dĂďůĞ;ϭϬ): Effect of sex on wholesale cuts weights (gm) of Hammri desert 
sheep lambs ;ŶсϲͿ. 
Parameter Sex LS 
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Mean ±  SE 
Male Female 
Rack ϰϮϱ͘ϴцϳϬ͘Ϯ ϯϵϱ͘Ϯцϰϵ͘Ϭ NS 
Loin ϯϰϮ͘ϳцϲϮ͘ϭ ϯϭϮ͘ϳцϰϯ͘ϱ NS 
Flank ϭϱϴ͘ϳцϭϭϰ͘ϯ ϭϮϵ͘ϮцϮϰ͘ϯ NS 
Shoulder ϳϰϯ͘ϭцϭϯϲ͘ϱ ϲϲϬ͘ϵцϵϯ͘ϭ NS 
Neck ϰϮϲ͘ϴцϱϵ͘ϱ ϯϲϱ͘ϰцϱϴ͘Ϯ * 
Leg ϭϮϮϰ͘ϲцϭϵϳ͘ϳ ϭϭϮϴ͘ϳцϭϴϱ͘ϳ NS 
Fore shank ϱϳϬ͘Ϯцϴϯ͘ϱ ϱϯϰ͘ϴцϴϳ͘ϳ NS 
Breast ϯϬϳ͘ϵцϱϭ͘ϲ ϯϯϳ͘ϵцϰϳ͘Ϯ * 
Sirloin ϯϭϳ͘Ϭц ϱϬ͘ϵ ϯϯϱ͘Ϭцϰϳ͘ϱ * 
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different between sexes. MĂůĞƐŚĂĚŚĞĂǀŝĞƌůĞŐǁĞŝŐŚƚ;ϭϮϮϰ͘ϲgm) than that of 
ĨĞŵĂůĞƐ;ϭϭϮϴ͘ϳŐŵͿ.  
4. 2. 7. 2 Tissues composition 
Effect of the treatment groups on carcass tissues composition is given in table 
;ϭϭ),  Total carcass muscle weights were not siŐŶŝĮĐĂŶƚůǇ;WхϬ͘ϬϱͿĚŝīĞƌĞŶƚ͕
but animals in group A had the highest ǀĂůƵĞ;ϱϰϯϲ͘ϴ gm) followed by group B 
;ϰϴϯϲŐŵͿĂŶĚŐƌŽƵƉ;ϰϯϳϵ͘ϱ gm) had the lowest weight. Differences in total 
carcass fat as absolute weights weƌĞŶŽƚƐŝŐŶŝĮĐĂŶĐĞ;WхϬ͘ϬϱͿ among dietary 
groups. Group A haĚŐŽƚƚŚĞŚŝŐŚĞƐƚǁĞŝŐŚƚ;ϳϯϳ͘Ϯ gmͿ͕ŐƌŽƵƉ;ϳϭϳ͘Ϭ gm) 
and group C rĞĐŽƌĚĞĚƚŚĞůĞĂƐƚǁĞŝŐŚƚ;ϲϮϯ͘ϴ gm). Total carcass bone weights 
ǁĞƌĞŶŽƚƐŝŐŶŝĮĐĂŶƚůǇ;WхϬ͘ϬϱͿ different, animals in group A had the highest 
ďŽŶĞǁĞŝŐŚƚƐ;Ϯϯϱϲ͘Ϭ gm) followed ďǇĂŶŝŵĂůƐŝŶŐƌŽƵƉ;ϮϭϯϮ͘Ϭ gm) and 
animals in group C had the ůŽǁĞƐƚďŽŶĞǁĞŝŐŚƚ;ϮϬϲϳ͘Ϯ gm). Total trim weights 
ǁĞƌĞŶŽƚƐŝŐŶŝĮĐĂŶƚůǇ;WхϬ͘ϬϱͿĚŝīĞƌĞŶƚ͕ƚŚĞǇǁĞƌĞϲϭϲ͘Ϭ͕ϰϴϱ͘ϮĂŶĚϱϮϰ͘ϲ gm 
for groups A, B and C respectively, group A had the highest trim weight 
followed by group C and group B recorded the lowest weight. Muscle: bone 
ƌĂƟŽǁĂƐƐŝŐŶŝĮĐĂŶƚůǇ;ƉфϬ͘ϬϱͿĚŝīĞƌĞŶƚĨŽƌĚŝĞƚĂƌǇŐƌŽƵƉƐ͕ŐƌŽƵp A recorded 
greatest value ;Ϯ͘ϰͿƚŚĂŶŐƌŽƵƉƐ;Ϯ͘ϮͿĂŶĚ;Ϯ͘ϮͿ͘ 
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dĂďůĞ;ϭϮ) represented the effect of sex on carcass tissue compositions weight. 
Total carcass muscle weights ǁĞƌĞŶŽƚƐŝŐŶŝĮĐĂŶƚůǇ;WхϬ͘ϬϱͿĚŝīĞƌĞŶƚ͕ŝt was 
ŐƌĞĂƚĞƌŝŶŵĂůĞƐ;ϱϬϱϵ͘ϰ gm) than that of females ;ϰϲϰϴ͘ϴ gm). Total carcass 
fat weights were significantly (PфϬ͘ϬϭͿĚŝīĞƌĞŶƚ͘&emales had significantly 
(PфϬ͘ϬϭͿŚŝŐŚĞƌƚŽƚĂůĐĂƌĐĂƐƐĨĂƚǁĞŝŐŚƚƐ;ϱϰϳ͘ϴŐŵͿƚŚĂŶƚŚĂƚŽĨŵĂůĞƐ;ϴϰϯ͘Ϯ 
gm). Total carcass bone weights between sexes were siŐŶŝĮĐĂŶƚůǇ;WфϬ͘ϬϱͿ
different. Males recorded greater bone weight  
Table (ϭϭ): Effect of feeding urea-treated groundnut hulls and molasses on   
total carcass tissues weight (gm) and meat: bone ratio of Hammri desert sheep 
lambs ;ŶсϰͿ. 
Parameter Feeding treatments 
Mean ± SE 
LS 
A B C 
Total muscle  ϱϰϯϲ͘ϴцϲϱ͘ϱ ϰϴϯϲ͘Ϭцϭϭϰ͘ϰ ϰϯϳϵ͘ϱцϰϬ͘ϵ NS 
Total bone  Ϯϯϱϲ͘ϬцϮϴ͘ϯ ϮϭϯϮ͘Ϭцϴ͘ϭ ϮϬϲϳ͘ϮцϭϮϭ͘ϱ NS 
Total fat  ϳϯϳ͘Ϯцϲ͘ϱ ϳϭϳ͘Ϭцϴ͘Ϯ ϲϮϯ͘ϴцϭϭ͘ϲ NS 
Total trim  ϲϭϲ͘Ϭцϰ͘ϭ ϰϴϱ͘Ϯцϭ͘ϰ ϱϮϰ͘ϲцϯ͘ϳ NS 
Meat: bone 
ratio 
Ϯ͘ϰцϬ͘Ϭϲa Ϯ͘ϮцϬ͘Ϭϲb Ϯ͘ϮцϬ͘Ϭϲb * 
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dĂďůĞ;ϭϮ): Effect of sex on total carcass tissues weight (gm) and meat: bone 
ratio of Hammri desert sheep lambs ;ŶсϰͿ. 
Parameter Sex 
Mean ±  SE 
LS 
Male Female 
    
Total muscle  ϱϬϮϵ͘ϰцϯϵ͘ϱ ϰϲϰϴ͘ϴцϯϵ͘ϱϭ NS 
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Total bone  ϮϯϮϲ͘ϲц ϲ͘ϲ ϭϬϮϭ͘ϳϱцϱ͘ϴϮ * 
Total fat  ϱϰϳ͘ϴцϭ͘ϵ ϴϰϯ͘Ϯцϯ͘Ϭ ** 
Total trim  ϱϳϲ͘ϲцϭ͘ϳ ϮϬϳ͘ϰцϭ͘ϱ NS 
Meat: bone ratio Ϯ͘ϮцϬ͘Ϭϱ Ϯ͘ϰцϬ͘Ϭϱ * 
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;ϮϯϮϲ͘ϲ gmͿƚŚĂŶƚŚĂƚŽĨĨĞŵĂůĞƐ;ϮϬϰϯ͘ϱ gm).  Total trim weights were not 
ƐŝŐŶŝĮĐĂŶƚůǇ;WхϬ͘ϬϱͿdifferent between sex groups, but males had higher total 
ƚƌŝŵǁĞŝŐŚƚ;ϱϳϲ͘ϲŐŵͿƚŚĂŶƚŚĂƚŽĨĨĞŵĂůĞƐ;ϱϬϳ͘ϰ gm). Females muscle: bone 
ƌĂƟŽ;Ϯ͘ϰͿǁĂƐƐŝŐŶŝĮĐĂŶƚůǇ;WфϬ͘ϬϱͿŚŝŐŚĞƌƚŚĂŶƚŚĂƚŽĨŵĂůĞƐ;Ϯ͘ϮͿ͘   
4. 3 Non carcass components 
As shown in table ;ϭϯ), with exception of rumen empty and reproductive 
organs weights there were no significant differences between the three 
treatment groups for non-carcass components weights among dietary group.  
Rumen full weights were not significantly (P>Ϭ͘ϬϱͿĚŝīĞƌĞŶƚ͕ŐƌŽƵƉŚĂĚ
ŐƌĞĂƚĞƌǁĞŝŐŚƚ;ϱ͘ϴϰͿŬŐĨŽůŽǁĞĚďǇŐƌŽƵƉ;ϱ͘ϲϳͿŬŐĂŶĚŐƌŽƵƉ;ϱ͘ϰϰͿŬŐ
recorded the least weight. dŚĞƌĞǁĞƌĞƐŝŐŶŝĮĐĂŶƚ;WфϬ͘ϬϱͿĚŝīĞƌĞŶĐĞŝŶƌƵŵĞŶ
empty weights between feeding groups. GƌŽƵƉ;Ϭ͘ϵϲϯͿŬŐŚĂĚƐŝŐŶŝĮĐantly 
(PфϬ͘ϬϱͿŐƌĞĂƚĞƌǁĞŝŐŚƚƚŚĂŶŐƌŽƵƉ ;Ϭ͘ϴϮϱͿŬŐ which had significantly 
(P<Ϭ͘ϬϱͿŐƌĞĂƚĞƌǁĞŝŐŚƚƚŚĂŶŐƌŽƵƉ;Ϭ͘ϳϲϯͿŬŐ͘ Weights of intestine full were 
Ϯ͘ϰϵ͕Ϯ͘ϮϲĂŶĚϮ͘ϵϯŬŐĨŽƌĨĞĞĚŝŶŐŐƌŽƵƉ͕ĂŶĚƌĞƐƉĞĐƟǀĞůǇ. For Intestine 
empty weights the ŚĞĂǀŝĞƌǁĞŝŐŚƚƐĨŽƵŶĚŝŶŐƌŽƵƉ;Ϭ͘ϳϭϱͿŬŐ͕ĨŽůŽǁĞĚďǇ
ŐƌŽƵƉ;Ϭ͘ϳϭϯͿŬŐĂŶĚŐƌŽƵƉŚĂĚƚŚĞůŽǁĞƐƚǁĞŝŐŚƚ͘Head weights showed 
that ŐƌŽƵƉ;ϭ͘ϴϮͿŬŐ had the higher weight than ŝŶŐƌŽƵƉ;ϭ͘ϳϬͿŬŐǁŚŝĐŚ
ǁĂƐŚŝŐŚĞƌƚŚĂŶŐƌŽƵƉ;ϭ͘ϱϵͿŬŐ. Skin weights indicated that group A had the 
ŚĞĂǀŝĞƐƚǁĞŝŐŚƚƐ;Ϯ͘ϬϴͿŬŐĨŽůŽǁĞĚďǇŐƌŽƵƉ;ϭ͘ϵϰͿkg and group B had got 
the lowest ǁĞŝŐŚƚƐ;ϭ͘ϵϰͿŬŐ͘&ŽƵƌĨĞĞƚǁĞŝŐŚƚƐǁĞƌĞϬ͘ϳϭ͕Ϭ͘ϲϯĂŶĚϬ͘ϲϭŬŐĨŽƌ
feeding groups A, B and C respectively, but were greater in group A, followed 
by group B and the least weights recorded by group C. Lung and trachea 
ǁĞŝŐŚƚƐĂŵŽŶŐĨĞĞĚŝŶŐŐƌŽƵƉƐǁĞƌĞĨŽƵŶĚƚŽďĞŚĞĂǀŝĞƌŝŶŐƌŽƵƉ;Ϭ͘ϰϲϯͿŬŐ͕
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ĨŽůŽǁĞĚďǇŐƌŽƵƉ;Ϭ͘ϰϮϴͿŬŐĂŶĚŐƌŽƵƉƌĞĐŽƌĚĞĚƚŚĞůĞĂƐƚǁĞŝŐŚƚ;Ϭ͘ϰϮϴͿ
kg.  Heart weights were Ϭ͘ϭϬ͕Ϭ͘ϬϵĂŶĚϬ͘ϭϬŬŐĨŽƌŐƌŽƵƉ͕ĂŶĚ
respectively. Liver weights showed the highest for ŐƌŽƵƉ;Ϭ͘ϯϯϴͿŬŐ͕ĨŽůŽǁĞĚ
ďǇŐƌŽƵƉ;Ϭ͘ϯϬϲͿŬŐĂŶĚŐƌŽƵƉƌĞĐŽƌĚĞĚƚŚĞůŽǁĞƐƚǁĞŝŐŚƚ;Ϭ͘ϮϳϱͿŬŐ͘
Spleen weights showed highest weigh for ŐƌŽƵƉ;Ϭ͘ϬϱϰͿŬŐĨŽůŽǁĞĚďǇŐƌŽƵƉ
;Ϭ͘ϬϰϰͿŬŐĂŶĚůŽǁŝŶŐƌŽƵƉ;Ϭ͘ϬϰϬͿ<Ő͘<ŝĚŶĞǇǁĞights ǁĞƌĞϬ͘ϬϳϮ͕Ϭ͘ϬϳϬ
ĂŶĚϬ͘ϬϲϬŬŐĨŽƌŐƌŽƵƉ͕ĂŶĚƌĞƐƉĞĐƟǀĞůǇ, group A had got the highest 
weight then group B and group C had the least weight.   Reproductive organs 
weiŐŚƚƐǁĞƌĞƐŝŐŶŝĮĐĂŶƚůǇ;ƉфϬ͘ϬϱͿĚŝīĞƌĞŶƚ͕ŐƌŽƵƉƌĞĐŽƌĚĞĚƚŚĞŐreatest 
ǁĞŝŐŚƚƐ;Ϭ͘ϭϵͿŬŐĨŽůŽǁĞĚďǇŐƌŽƵƉ;Ϭ͘ϭϱͿŬŐĂŶĚŐƌŽƵƉŚĂĚƚŚĞůŽǁĞƐƚ
ǁĞŝŐŚƚ;Ϭ͘ϭϰͿŬŐ͘ Tail weights were high in group A ;Ϭ͘ϭϱŬŐͿ, then group B ;Ϭ͘ϭϴ
kg) and low in group C ;Ϭ͘ϭϱŬŐͿ. Mesenteric fat weights were heavier in group 
;Ϭ͘ϭϴϬͿŬŐ͕ĨŽůŽǁĞĚďǇŐƌŽƵƉ;Ϭ͘ϭϱϰͿŬŐĂŶĚůŽǁest weight was group C 
;Ϭ͘ϭϱϬͿŬŐ͘ Omentum fat weights group C had the highest ǁĞŝŐŚƚ;Ϭ͘ϭϲϯͿŬŐ͕
ƚŚĞŶŐƌŽƵƉ;Ϭ͘ϭϰϯͿŬŐĂŶĚŐƌŽƵƉŚĂĚƚŚĞůŽǁĞƐƚǁĞŝŐŚƚ;Ϭ͘ϭϯϭͿŬŐ͘ Kidney 
kŶŽďĐŚĂŶŶĞůĨĂƚ;ŬŬĐĨͿǁĞŝŐŚƚƐǁĞƌĞŚŝŐŚĨŽƌŐƌŽƵƉ;Ϭ͘ϭϴϬͿŬŐĨŽůŽǁĞĚďǇ
ŐƌŽƵƉ;Ϭ͘ϭϱϬͿŬŐĂŶĚůŽǁŝŶŐƌŽƵƉ;Ϭ͘ϭϮϱͿŬŐ͘ 
dĂďůĞ;ϭϰ) gave the effect of sex on non carcass components, the two sexes 
were not ƐŝŐŶŝĮĐĂŶƚůǇ;ƉхϬ͘ϬϱͿĚŝīĞƌĞŶt for all trait except for tail, 
reproductive organs, mesenteric fat and omentum fat weights which were 
ƐŝŐŶŝĮĐĂŶƚůǇ;ƉфϬ͘ϬϱͿĚŝīĞƌĞŶƚ͘Females had heavier rumen full weigŚƚ;ϱ͘ϴϲͿ
ŬŐƚŚĂŶƚŚĂƚŽĨŵĂůĞƐ;ϱ͘ϰϱͿŬŐ. Females' rumen empty weights (Ϭ͘ϴϴϯͿŬŐwas 
ŚĞĂǀŝĞƌƚŚĂŶƚŚĂƚŽĨŵĂůĞƐ;Ϭ͘ϴϭϳͿŬŐ͘Males had higher intestine full weights 
(Ϯ͘ϭϱŬŐ) than females ;Ϯ͘ϬϬŬŐ͘Dales had got greater intestine empty weight 
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;Ϭ͘ϳϬϬͿŬŐƚŚĂŶĨĞŵĂůĞƐ;Ϭ͘ϲϲϰͿŬŐ͘ MĂůĞƐŚĞĂĚǁĞŝŐŚƚƐ;ϭ͘ϳϵͿŬŐwas higher 
ƚŚĂŶƚŚŽƐĞŝŶĨĞŵĂůĞƐ;ϭ͘ϲϮͿŬŐ͘ 
MĂůĞƐŚĂĚŚĞĂǀŝĞƌƐŬŝŶ;Ϯ͘ϬϬͿƚŚĂŶĨĞŵĂůĞƐ;ϭ͘ϵϬͿŬŐ͘Four feet weights were 
Ϭ͘ϲϴĂŶĚ Ϭ͘ϲϮŬŐĨŽƌŵĂůĞƐĂŶĚĨĞŵĂůĞƐ͕ males had got heavier feet weights 
than females.  MĂůĞƐŚĂĚŚŝŐŚĞƌůƵŶŐĂŶĚƚƌĂĐŚĞĂǁĞŝŐŚƚ;Ϭ͘ϰϲϳͿŬŐƚhan that 
of ĨĞŵĂůĞƐ;Ϭ͘ϰϭϵͿŬŐ͘  Heart weights were heavier in males (Ϭ͘ϭϬŬŐ) than that 
of females ;Ϭ͘ϬϵŬŐͿ. Liver weights were higher in females ;Ϭ͘ϯϭϯͿŬg than that 
ŽĨŵĂůĞƐ;Ϭ͘ϯϬϬͿŬŐ͘&emales were found to be had heavier spleen weight 
;Ϭ͘ϬϱϱͿŬŐƌĂƚŚĞƌƚŚĂŶŵĂůĞƐ;Ϭ͘ϬϯϳͿŬŐ. 
Kidney weights between ƐĞǆĞƐǁĞƌĞϬ͘Ϭϳϭ͕Ϭ͘ϬϲϰŬŐ for males and females.  
Males had heavier spleen weights than females.  Males had significantly 
(PфϬ͘ϬϭͿŐƌĞĂƚĞƌƌĞƉƌŽĚƵĐƟǀĞŽƌŐĂŶƐǁĞŝŐŚƚ;Ϭ͘ϮϬͿŬŐƚŚĂŶƚŚĂƚŽĨĨĞŵĂůĞƐ
;Ϭ͘ϭϬͿŬŐ͘MĂůĞƐŚĂĚƐŝŐŶŝĮĐĂŶƚůǇ;ƉфϬ͘ϬϱͿŚŝŐŚĞƌƚĂŝůǁĞŝŐŚƚ;Ϭ͘ϮϭͿŬŐƚŚĂŶ
ĨĞŵĂůĞƐ;Ϭ͘ϭϲͿŬŐ͘Mesenteric fat weights between sexes were significantly 
;ƉфϬ͘ϬϱͿĚŝīĞƌĞŶƚ͕ĨĞŵĂůĞƐŚĂĚ heavier mesenteriĐĨĂƚǁĞŝŐŚƚƐǁĞŝŐŚƚ;Ϭ͘ϭϳϴͿ
ƚŚĂŶŵĂůĞƐ;Ϭ͘ϭϮϱͿŬŐ͘ŵŽŶŐƐĞǆĞƐŽŵĞŶƚƵŵĨĂƚǁĞŝŐŚƚƐǁĞƌĞƐŝŐŶŝĮĐĂŶƚůǇ
;ƉфϬ͘ϬϭͿŐƌĞĂƚĞƌŝŶĨĞŵĂůĞƐ;Ϭ͘ϮϬϴͿŬŐƚŚĂŶŝŶŵĂůĞƐ;Ϭ͘ϬϴϭͿŬŐ͘ Females had 
heavier (kkcf) weight (Ϭ͘ϮϬϬͿŬŐƚŚĂŶŵĂůĞƐ;Ϭ͘ϭϮϯͿŬŐ͘  
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Table (ϭϯ): Effect of feeding groundnut hulls and molasses on non carcass 
components weight (kg) of the Hammari desert sheep lambs ;ŶсϰͿ͘ 
Parameter Feeding treatments 
Mean ± SE 
LS 
A B C 
Rumen full ϱ͘ϴϰцϬ͘ϳϱ ϱ͘ϲϳцϭ͘Ϯϯ ϱ͘ϰϰцϬ͘Ϯϱ NS 
Rumen empty Ϭ͘ϵϲϯцϬ͘Ϭϴa Ϭ͘ϴϮϱцϬ͘Ϭϵab Ϭ͘ϳϲϯцϬ͘Ϭϯb * 
Intestine full Ϯ͘ϰϵцϬ͘ϰϴ Ϯ͘ϮϲцϬ͘ϭϬ Ϯ͘ϵϯцϬ͘Ϯϲ NS 
Intestine 
empty 
Ϭ͘ϳϭϱцϬ͘ϳϮ Ϭ͘ϳϭϯцϬ͘ϳϭ Ϭ͘ϲϭϵцϬ͘ϲϮ NS 
Tail Ϭ͘ϮϭцϬ͘Ϭϯ Ϭ͘ϭϴцϬ͘Ϭϰ Ϭ͘ϭϱцϬ͘Ϭϲ NS 
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Liver Ϭ͘ϯϯϴцϬ͘ϬϱϮ Ϭ͘ϯϬϲцϬ͘ϬϭϮ Ϭ͘ϮϳϱцϬ͘Ϭϯϰ NS 
Spleen  Ϭ͘ϬϰϰцϬ͘Ϭϰ Ϭ͘ϬϱϰцϬ͘Ϭϭ Ϭ͘ϬϰϬцϬ͘Ϭϭ NS 
Lung and 
trachea 
Ϭ͘ϰϲϯцϬ͘Ϭϱ Ϭ͘ϰϯϴцϬ͘Ϭϱ Ϭ͘ϰϮϴцϬ͘Ϭϲ NS 
Heart Ϭ͘ϭϬцϬ͘ϬϰϬ Ϭ͘ϬϵцϬ͘ϬϭϬ Ϭ͘ϭϬцϬ͘ϬϬϱ NS 
Head ϭ͘ϴϮцϬ͘ϭϴ ϭ͘ϳϬцϬ͘ϭϴ ϭ͘ϱϵцϬ͘Ϭϲ NS 
Skin Ϯ͘ϬϴцϬ͘ϯϴ ϭ͘ϴϰцϬ͘ϭϳ ϭ͘ϵϰцϬ͘Ϭϭ NS 
Four feet Ϭ͘ϳϭцϬ͘ϭϭ Ϭ͘ϲϯцϬ͘Ϭϲ Ϭ͘ϲϭцϬ͘Ϭϱ NS 
Reproductive 
organs 
Ϭ͘ϭϱцϬ͘Ϭϳab Ϭ͘ϭϵцϬ͘ϭϮa Ϭ͘ϭϰцϬ͘Ϭϵ b * 
Kidney Ϭ͘ϬϳϮцϬ͘ϬϬϳ Ϭ͘ϬϳϬцϬ͘ϬϬϲ Ϭ͘ϬϲϬцϬ͘ϬϬϵ NS 
KKCF Ϭ͘ϭϴϯцϬ͘Ϭϲϭ Ϭ͘ϭϱϰцϬ͘Ϭϰϳ Ϭ͘ϭϰϵцϬ͘Ϭϴϴ NS 
Mesenteric fat Ϭ͘ϭϴϬцϬ͘Ϭϯϲ Ϭ͘ϭϮϱцϬ͘Ϭϲϱ Ϭ͘ϭϱϬцϬ͘Ϭϰϭ NS 
Omentum fat Ϭ͘ϭϰϯцϬ͘Ϭϴ Ϭ͘ϭϯϭцϬ͘Ϭϳ Ϭ͘ϭϲϯцϬ͘ϭϭ NS 
     
 
Table (ϭϰ): Effect of sex on non carcass components weight (kg) of the 
Hammari desert sheep lambs ;ŶсϲͿ͘ 
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Parameter Sex 
Mean ±  SE 
LS 
Male Female 
Rumen full ϱ͘ϰϱцϬ͘ϯϴ ϱ͘ϴϲцϬ͘ϯϴ NS 
Rumen empty Ϭ͘ϴϭϳцϬ͘Ϭϯϲ Ϭ͘ϴϴϯцϬ͘Ϭϯϲ NS 
Intestine full Ϯ͘ϭϱцϬ͘ϭϰ Ϯ͘ϬϬцϬ͘ϭϰ NS 
Intestine empty Ϭ͘ϳϬϬцϬ͘ϭϭ Ϭ͘ϲϲϰцϬ͘ϭϭ NS 
Tail Ϭ͘ϮϭцϬ͘Ϭϭ Ϭ͘ϭϲцϬ͘Ϭϭ * 
Liver Ϭ͘ϯϬϬцϬ͘Ϭϭϲ Ϭ͘ϯϭϯцϬ͘Ϭϭϲ NS 
Spleen  Ϭ͘ϬϯϳцϬ͘Ϭϭϴ Ϭ͘ϬϱϱцϬ͘Ϭϭϴ NS 
Lung and trachea Ϭ͘ϰϲϳцϬ͘Ϭϭϲ Ϭ͘ϰϭϵцϬ͘Ϭϭϲ NS 
Heart Ϭ͘ϭϬцϬ͘Ϭϭ Ϭ͘ϬϵцϬ͘Ϭϭ NS 
Head ϭ͘ϳϵцϬ͘Ϭϱ ϭ͘ϲϮцϬ͘Ϭϱ NS 
Skin Ϯ͘ϬϬцϬ͘ϭϭ ϭ͘ϵϬцϬ͘ϭϭ NS 
Four feet Ϭ͘ϲϴцϬ͘Ϭϰ Ϭ͘ϲϮцϬ͘Ϭϰ NS 
Reproductive 
organs 
Ϭ͘ϮϬцϬ͘Ϭϭ Ϭ͘ϭϬцϬ͘Ϭϭ ** 
Kidney Ϭ͘ϬϳϭцϬ͘ϬϬϯ Ϭ͘ϬϲϰцϬ͘ϬϬϯ NS 
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KKCF Ϭ͘ϭϮϯцϬ͘ϬϮϰ Ϭ͘ϮϬϬцϬ͘ϬϮϰ NS 
Mesenteric fat Ϭ͘ϭϮϱцϬ͘Ϭϭϱ Ϭ͘ϭϳϴцϬ͘Ϭϭϱ * 
Omentum fat Ϭ͘ϬϴϯцϬ͘ϬϮϮ Ϭ͘ϮϬϴцϬ͘ϬϮϮ ** 
    
 
 
4. 4 Chemical compositions of meat   
Effect of the three treatments on meat chemical compositions were presented 
ŝŶƚĂďůĞ;ϭϱ), there were no significant differences between feeding groups for  
moisture, protein and ether extract (EE), while ash content was significantly 
;ƉфϬ͘ϬϱͿĚŝīĞƌĞŶƚ. GƌŽƵƉŚĂĚƚŚĞŚŝŐŚĞƐƚŵŽŝƐƚƵƌĞĐŽŶƚĞŶƚ;ϳϲ͘ϱͿ͕ĂŶĚƚŚĞŶ
ŐƌŽƵƉ;ϳϲ͘ϰͿĂŶĚŐƌŽƵƉŚĂĚƚŚĞůŽǁĞƐƚŵŽŝƐƚƵƌĞĐŽŶƚĞŶƚ;ϳϱ͘ϵͿ͘ Group A 
;ϮϬ͘ϮͿĂŶĚ;ϮϬ͘ϬͿƌĞĐŽƌĚĞĚ slightly higher values of protein percentage than 
ŐƌŽƵƉ;ϭϵ͘ϱ). ƚŚĞƌĞǆƚƌĂĐƚ;ͿƉĞƌĐĞŶƚĂŐĞƐǁĞƌĞϭ͘ϵ͕ϭ͘ϲĂŶĚϭ͘ϳĨŽƌĨĞĞĚŝŶŐ
group A, B and C respectively, group A had the highest percentage followed by 
group B, then group C which recorded the lowest EE content.  Ash contents 
between feeding groups were significantly (PфϬ͘ϬϱͿŐƌĞĂƚĞƌŝŶŐƌŽƵƉ;Ϭ͘ϵϵͿ
ĂŶĚ;Ϭ͘ϵϴͿƚŚĂŶŐƌŽƵƉ;Ϭ͘ϴϱͿ͘ 
Effect of sex on the chemical compositions ŽĨŵĞĂƚǁĞƌĞƐŚŽǁŶŝŶƚĂďůĞ;ϭϲ), 
between sexes they were significantly different with the exception of ash 
which was not significantly (PхϬ͘ϬϱͿĚŝīĞƌĞŶƚ͘ Males moisture percentages 
;ϳϳ͘ϮͿǁĞƌĞƐŝŐŶŝĮĐĂŶƚůǇ;WфϬ͘ϬϭͿŚŝŐŚĞƌƚŚĂŶƚŚĂƚŽĨĨĞŵĂůĞƐ;ϳϱ͘ϰͿ͘ Protein 
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percentages were found to be significantly different between the two sexes, 
ŵĂůĞƐ;ϮϬ͘ϱͿŚĂĚƐŝŐŶŝĮĐĂŶƚůǇ;ƉфϬ͘ϬϭͿŐƌĞĂƚĞƌƉrotein content   than that of 
ĨĞŵĂůĞƐ;ϭϵ͘ϯ). Females ether extract (EE) ;Ϯ͘ϬͿƉercentages were significantly 
(PфϬ͘ϬϬϭͿŚŝŐŚĞƌƚŚĂŶƚŚĂƚŽĨŵĂůĞƐ;ϭ͘ϰͿ͘ Males attained higher ash contents 
;Ϭ͘ϵϴͿƚŚĂŶĨĞŵĂůĞƐ;Ϭ͘ϵϭͿ͘ 
4. 5 Quality attributes of meat 
4. 5. 1 Cooking loss percentage 
 Effect of the three feeding groups on cooking losses percentages was stated in 
ƚĂďůĞ;ϭϱ), there were no significant differences between the three treatment, 
ƚŚĞŝƌǀĂůƵĞƐǁĞƌĞϯϳ͘ϴϭ͕ϯϴ͘ϰϯĂŶĚϰϮ͘ϭϯĨŽƌŐƌŽƵƉƐ͕ĂŶĚƌĞƐƉĞĐƟǀĞly, 
group A recorded the least losses while group C had got greatest ones. 
4. 5. 2 Water holding capacity (WHC) 
dĂďůĞ;ϭϱ) gave the effect of the three treatments on water holding capacity 
(WHC); the recorded values ǁĞƌĞϭ͘Ϯ͕ϭ͘ϯĂŶĚϭ͘ϯŝŶdietary groups A, B and C 
respectively, though they were higher in group B and C than group A but they 
ǁĞƌĞŶŽƚƐŝŐŶŝĮĐĂŶƚůǇ;WхϬ͘ϬϱͿĚŝīĞƌĞŶƚ͘ 
4. 5. 3 Effect of sex on cooking loss percentage and water holding capacity 
(WHC) 
Effect of sex on cooking loss percentages ǁĂƐŐŝǀĞŶŝŶƚĂďůĞ;ϭϲ), the two sexes 
were   not significantly (P>Ϭ͘ϬϱͿĚŝīĞƌĞŶƚ͕ĨĞŵĂůĞƐŚĂĚŚŝŐŚĞƌǀĂůƵĞ;ϰϬ͘ϴϮͿ
ƚŚĂŶŵĂůĞƐ;ϯϴ͘ϬϵͿ͘ īĞĐƚŽĨƐĞǆŽŶ;t,ͿǁĂƐŐŝǀĞŶŝŶƚĂďůĞ;ϭϴͿ͕ males W H C 
;ϭ͘ϱͿǁĞƌĞƐŝŐŶŝĮĐĂŶƚůǇ;WфϬ͘ϬϭͿŚŝŐŚĞƌƚŚĂŶƚŚĂƚŽĨĨĞŵĂůĞƐ;ϭ͘ϬͿ͘  
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4. 5. 4 Objective colour measurements 
dĂďůĞ;ϭϳ) showed the effect of the three treatments on fresh meat colour 
score. Hunter (L) lightness, (a) redness and (b) yellowness values were not 
ƐŝŐŶŝĮĐĂŶƚůǇ;ƉхϬ͘ϬϱͿ different among feeding groups. Group C had the highest 
ǀĂůƵĞƐϯϰ͘ϴ͕ϭϯ͘ϳĂŶĚϰ͘ϲĨŽƌ;>Ϳ͕;ĂͿĂŶĚ;ďͿƌĞƐƉĞĐƟǀĞůǇ͕ĨŽůŽǁĞĚby group A 
except for (L) which was higher in group B than group A, the recorded  values 
ĨŽƌ;>Ϳ͕;ĂͿĂŶĚ;ďͿǁĞƌĞϯϮ͘ϴ͕ϭϯ͘ϰ͕ϰ͘ϱĂŶĚϯϯ͘ϱ͕ϭϮ͘ϴ͕ϰ͘ϯ for group A and B 
respectively. As seen group B had the lowest values with exception for (L) 
which was higher than group C. 
 
 
 
Table (ϭϱ): Effect of feeding urea-treated groundnut hulls and molasses on 
meat chemical and some quality attributes ;ŶсϰͿ͘ 
Parameter Feeding treatments 
Mean ± SE 
LS 
A B C 
Moisture% ϳϱ͘ϵцϭ͘Ϯ ϳϲ͘ϰцϭ͘Ϯ ϳϲ͘ϱцϭ͘ϰ NS 
Protein% ϮϬ͘ϮцϬ͘ϵ ϮϬ͘ϬцϬ͘ϳ ϭϵ͘ϱцϬ͘ϳ NS 
Ether extract% ϭ͘ϵцϬ͘ϱ ϭ͘ϲцϬ͘ϱ ϭ͘ϳцϬ͘ϱ NS 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϴϯ
 
Ash% Ϭ͘ϴϱцϬ͘Ϭϭb Ϭ͘ϵϴцϬ͘Ϭϰa Ϭ͘ϵϵцϬ͘ϭa * 
Cooking loss% ϯϳ͘ϴϭцϬ͘ϲϭ ϯϴ͘ϰϯцϬ͘ϱϬ ϰϮ͘ϭϯцϭ͘ϱϬ NS 
WHC ϭ͘ϮцϬ͘ϯ ϭ͘ϯцϬ͘ϯ ϭ͘ϯцϬ͘ϯ NS 
     
     
 
 
 
 
 
 
 
 
 
 
 
Table (ϭϲ): Effect of sex on meat chemical and ƐŽŵĞƋƵĂůŝƚǇĂƩƌŝďƵƚĞƐ;ŶсϲͿ 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϴϰ
 
Parameter Sex 
Mean ±  SE 
LS 
Male Female 
Moisture% ϳϳ͘ϮцϬ͘ϴ ϳϱ͘ϰцϬ͘ϲ ** 
Protein% ϮϬ͘ϱцϬ͘ϱ ϭϵ͘ϯцϬ͘ϯ ** 
Ether extract% ϭ͘ϰцϬ͘Ϭϵ Ϯ͘ϬцϬ͘Ϯ *** 
Ash% 
Cooking loss% 
Ϭ͘ϵϴцϬ͘ϵ 
 
ϯϴ͘ϬϵцϬ͘ϳϴ 
Ϭ͘ϵϭцϬ͘Ϭϴ 
ϰϬ͘ϴϮцϬ͘ϳϴ 
NS 
NS 
WHC ϭ͘ϱцϬ͘Ϭϵ ϭ͘ϬцϬ͘ϮϬ ** 
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Effect of sex on meat colour scoreƐǁĂƐŐŝǀĞŶŝŶƚĂďůĞ;ϭϴ). There were no 
significant differences between the two sexes, although  males attained higher 
ǀĂůƵĞƐ;ϯϰ͘ϴͿƚŚĂŶĨĞŵĂůĞƐ;ϯϯ͘ϵͿĨŽƌ;>ͿƉĂƌĂŵĞƚĞƌ͕ŽŶƚŚĞŽƚŚĞƌŚĂŶĚŵĂůĞƐ
ƌĞĐŽƌĚĞĚŚŝŐŚĞƌ;ĂͿĂŶĚ;ďͿǀĂůƵĞƐ;ϭϯ͘ϴͿĂŶĚ;ϰ͘ϳͿƌĞƐƉĞĐƟǀĞůǇƚŚĂŶƚŚŽƐĞŽĨ
females ;ϭϮ͘ϯϬ) ĂŶĚ;ϰ͘ϮͿ͘ 
4. 5. 5 Subjective sensory evaluations taste 
 Subjective evaluations of cooked meat which included score of colour, flavour, 
juiciness, tenderness and overall accepƚĂďŝůŝƚǇǁĞƌĞƐŚŽǁŶŝŶƚĂďůĞ;ϭϳ), all 
sensory evaluĂƟŽŶƐǁĞƌĞŶŽƚƐŝŐŶŝĮĐĂŶƚůǇ;WхϬ͘ϬϱͿĚŝīĞƌĞŶƚĂŵŽŶŐ feeding 
groups. 
Among dietary groups, group C recorded the higher colour ƐĐŽƌĞ;ϯ͘ϲϯͿ͕ƚŚĞŶ
ŐƌŽƵƉ;ϯ͘ϱϴͿĂŶĚƚŚĞlowest score recorded by group B ;ϯ͘ϱϬͿ͘flavor score 
values indicate that group A had the highest scores ;Ϯ͘ϳϴͿ followed by group B 
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;Ϯ͘ϳϯͿ ĂŶĚŐƌŽƵƉŚĂĚƚŚĞůĞĂƐƚƐĐŽƌĞ;Ϯ͘ϱϯͿ͘ Juiciness scores among 
treatment groups ǁĞƌĞϮ͘ϰϱ͕Ϯ͘ϬϬĂŶĚϮ͘Ϯϱŝn group A, B and C respectively.  
Group A attained the highest scores and group B had the lowest scores.  For 
tenderness scores among feeding groups, gƌŽƵƉ;Ϯ͘ϳϮͿǁĂƐŵŽƌĞƚĞŶĚĞƌ
ƚŚĂŶŐƌŽƵƉ;Ϯ͘ϰϱͿĂŶĚƚŚĞůĞĂƐƚƚĞŶĚĞƌŶĞƐƐƐĐŽƌĞƐǁĞƌĞĨŽƵŶĚŝŶŐƌŽƵƉ
;Ϯ͘ϮϱͿ͘ Over all acceptability scores were not significantly (PхϬ͘ϬϱͿĚŝīĞƌĞŶƚ, 
group A reveĂůĞĚŚŝŐŚĞƌƐĐŽƌĞƐ;ϯ͘ϰϯͿƚŚĂŶŐƌŽƵƉ;ϯ͘ϮϴͿ, and group B 
ƌĞĐŽƌĚĞĚƚŚĞůŽǁĞƐƚƐĐŽƌĞƐ;ϯ͘ϬϯͿ͘ 
Effect of sex on subjective evaluations of meat were stated in ƚĂďůĞ;ϭϴ), score 
of subjective evaluations were not significantly (p>Ϭ͘ϬϱͿĚŝīĞƌĞŶƚ between the 
two sexes. Males had higher scores for all parameter except for flavor which 
was found to be higher in females. Males revealed higher score (ϯ͘ϲϬͿ for 
colour ƚŚĂŶĨĞŵĂůĞƐ;ϯ͘ϱϯͿ͘Females had higher score ;Ϯ͘ϳϱ) for flavor than that 
ŽĨŵĂůĞƐ;Ϯ͘ϲϬͿ. Juiciness measurements indicated that, males had higher 
scores ;Ϯ͘ϯϭ) than females ;Ϯ͘ϮϯͿ.  Tenderness scores were not significantly 
;ƉхϬ͘ϬϱͿĚŝīĞƌĞŶƚbetween the two sexes. Males had got higher scoƌĞƐ;Ϯ͘ϱϭͿ
ƚŚĂŶĨĞŵĂůĞƐ;Ϯ͘ϮϱͿ͘Males attained higher scŽƌĞƐ;ϯ͘ϯϮͿĨŽƌŽver all 
acceptability ƚŚĂŶĨĞŵĂůĞƐ;ϯ͘ϭϳ). 
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dĂďůĞ;ϭϳ): Effect of feeding urea-treated groundnut hulls and molasses on 
objective and subjective evaluations of meat quality ;ŶсϰͿ͘ 
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Parameter Feeding treatments 
Mean ± SE 
LS 
A B C 
Lightness (L) ϯϮ͘ϴцϭ͘ϰ ϯϯ͘ϱцϭ͘ϴ ϯϰ͘ϴцϮ͘ϯ NS 
Redness (a) ϭϯ͘ϰцϭ͘ϱ ϭϮ͘ϴцϬ͘ϵ ϭϯ͘ϳцϬ͘ϵ NS 
Yellowness (b) ϰ͘ϱцϬ͘ϯ ϰ͘ϯцϬ͘ϳ ϰ͘ϲцϬ͘ϵ NS 
Colour ϯ͘ϱϴцϬ͘ϮϮ ϯ͘ϱϬцϬ͘ϯϴ ϯ͘ϲϯцϬ͘ϮϮ NS 
Flavour Ϯ͘ϳϴцϬ͘ϮϮ Ϯ͘ϳϯцϬ͘ϭϯ Ϯ͘ϱϯцϬ͘ϭϵ NS 
Juiciness Ϯ͘ϰϱцϬ͘Ϯϰ Ϯ͘ϬϬцϬ͘ϱϯ Ϯ͘ϮϱцϬ͘ϭϵ NS 
Tenderness Ϯ͘ϳϯцϬ͘ϭϳ Ϯ͘ϰϱцϬ͘ϱϵ Ϯ͘ϮϬцϬ͘Ϯϴ NS 
Acceptability ϯ͘ϰϯцϬ͘Ϭϱ ϯ͘ϬϯцϬ͘ϰϬ ϯ͘ϮϴцϬ͘ϭϳ NS 
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dĂďůĞ;ϭϴ): Effect of sex on objective and subjective evaluations of meat quality 
;ŶсϲͿ͘  
Parameter Sex 
Mean± SE 
LS 
Male Female 
Lightness (L) ϯϯ͘ϵцϮ͘Ϭ ϯϰ͘ϴцϭ͘ϵ NS 
Redness (a) ϭϯ͘ϴцϬ͘ϵ ϭϮ͘ϯцϭ͘ϭ NS 
Yellowness (b) ϰ͘ϳцϬ͘ϵ ϰ͘ϮцϬ͘ϭ NS 
Colour ϯ͘ϲϬцϬ͘ϯϮ ϯ͘ϱϯцϬ͘ϮϮ NS 
Flavour Ϯ͘ϲϬцϬ͘Ϯϯ Ϯ͘ϳϱцϬ͘ϭϱ NS 
Juiciness Ϯ͘ϯϭцϬ͘ϰϴ Ϯ͘ϮϱцϬ͘Ϯϰ NS 
Tenderness Ϯ͘ϱϭцϬ͘ϱϲ Ϯ͘ϰϬцϬ͘Ϯϱ NS 
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Acceptability Ϯ͘ϰϬцϬ͘Ϯϱ ϯ͘ϭϳцϬ͘Ϯϵ NS 
    
 
 
 
 
 
 
 
 
Chapter Five 
Discussion 
5. 1 Growth performance and live weight gain of desert lambs 
The initial body weights for the three feeding groups and sex groups were not 
significantly different (PхϬ͘ϬϱͿĂŶĚƚhat had allowed a fair comparison among 
feeding groups and also between sex groups. The final weight  gains were not 
significantly (PхϬ͘ϬϱͿĚŝīĞƌĞŶƚďĞƚǁĞĞŶĨĞĞĚŝŶŐ groups , animals in group 
;Ϯϳ͘ϰϭŬŐͿŚĂĚŚŝŐŚĞƌŐĂŝŶƚŚĂŶĂŶŝŵĂůƐŝŶŐƌŽƵƉ;Ϯϲ͘ϮϰŬŐͿĂŶĚŐƌŽƵƉ
;Ϯϱ͘ϰϱŬŐͿ͘ This result is supported by Ahmed et al., ;ϮϬϬϮͿǁŚŽƐƚƵĚŝĞĚƚŚĞ
ĞīĞĐƚŽĨĨĞĞĚŝŶŐĚŝīĞƌĞŶƚŵŽůĂƐƐĞƐůĞǀĞůƐ;ϯϬй͕ϯϱй͕ϰϬйĂŶĚϰϱйͿ in 
addition to Ϯϴ͘ϯй ǁŚĞĂƚďƌĂŶ͕ϰйŐƌŽƵŶĚŶƵƚĐĂŬĞƐĂŶĚŐƌŽƵŶĚŶƵƚŚƵůƐŝŶ;
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ϮϬй͕Ϯϱй͕ϯϬйĂŶĚϯϱйͿůĞǀĞůƐŽŶďŽĚǇǁĞŝŐŚƚŐĂŝŶŝŶǇĞĂƌůŝŶŐƐŚĞĞƉ, the 
authors found that, the final weight was not significantly (P>Ϭ͘ϬϱͿĚŝīĞƌĞŶƚ
among treatment groups, total and daily weight gain was significantly (P<Ϭ͘ϬϱͿ
ĚŝīĞƌĞŶƚ͕ƚŚĞǇŽďƚĂŝŶƚŚĞĨŽůŽǁŝŶŐƌĞƐƵůƚƐ͖ϴϯŐŵ͕ϳϯŐŵ͕ϵϵŐŵĂŶĚϯϴŐŵdaily 
weight gain in four treatment ŐƌŽƵƉƐƌĞĐĞŝǀŝŶŐϯϬй͕ϯϱй͕ϰϬйĂŶĚϰϱй
molasses respectively. The present results indicated that this parameter 
increases as the quantity of the treated groundnut hull and molasses increase. 
dŚĞƐƵƉƉůĞŵĞŶƚĞĚŐƌŽƵƉƐĂŶĚŐĂǀĞĂƐŝŐŶŝĮĐĂŶƚůǇ;WфϬ͘ϬϬϭͿŚŝŐŚĞƌƚŽƚĂů
ǁĞŝŐŚƚŐĂŝŶǁŝƚŚŝŶĐƌĞĂƐŝŶŐƚŚĞĂŵŽƵŶƚŽĨƐƵƉƉůĞŵĞŶƚĞĚĚŝĞƚϮ͘ϮϵŬŐĨŽƌ
ŐƌŽƵƉĂŶĚϭ͘ϰϴŬŐĨŽƌŐƌŽƵƉin comparison with group C the control which 
ŚĂĚƚŚĞůŽǁĞƐƚǀĂůƵĞϬ͘ϰϲŬŐ͘ ŝ^ŵŝůĂƌĮŶĚŝŶŐǁĂƐƌĞƉŽƌƚĞĚďǇEŽƵƌ;ϮϬϬϲͿǁŚŽ
found that, addition of nitrogen increased feed consumption as well as rate of 
weight gain. Also the present result is in line with AůǀĞƌǌĂŶĚŽŵďĞůĞƐ;ϭϵϴϱͿ
who reported that, supplementation grazing ruminants with nitrogen source 
would increase rate of fermentation and digestion, enhance feed consumption 
and microbial protein yield. The  daily weights gain between feeding groups 
were highly significanttly (PфϬ͘ϬϬϭͿĚŝīĞƌĞŶƚ͕ƚŚĞŝƌǀĂůƵĞƐǁĞƌĞϮϱ͘ϰϮ͕ϭϲ͘ϯϵ
ĂŶĚϱ͘ϭϰŐŵĨŽƌĂŶŝŵĂůƐŝn group A, B and C respectively. This result is lower 
ƚŚĂŶƚŚĞĮŶŝŶŐŽĨEŽƵƌ;ϮϬϬϲͿand Ahmed et al., ;ϮϬϬϮͿ͘dhis may be due to 
fact that the authors used a true protein source (groundnut cake). 
Between sexes, males ;Ϯϳ͘ϰϬŬŐͿŚĂĚƐŝŐŶŝĮĐĂŶƚůǇ;WфϬ͘ϬϱͿŚŝŐŚer final weights 
than females. The present finding is in agreement with Mc Laugherty et al., 
;ϭϵϱϵͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚǇŽƵŶŐůĂŵďƐŐƌĞǁƌĂƉŝĚůǇďƵƚƌams grew more faster 
(PфϬ͘ϬϱͿƚŚĂŶĞǁĞƐĂŶĚwithers. This finding also is in line with Mohamed 
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;ϮϬϬϯͿǁŚŽĨŽƵŶĚƚŚĂƚ͕ƚŚĞĮŶĂůlive weight was significantly (PфϬ͘ϬϱͿŐƌĞĂƚĞƌ
for rams than for ewe lambs. The current result is in agreement with the 
finding ŽĨDŽŚĂŵĞĚ;ϮϬϬϯͿǁŚŽĨŽƵŶĚƚŚĂƚ͕ƚŚĞĮŶĂůlive weight was 
significantly (PфϬ͘ϬϱͿŐƌĞĂƚĞƌĨŽƌƌĂŵƐƚŚĂŶĞǁĞůĂŵďƐ͘ Between sex groups 
the average total weights gain for males was significantly (PфϬ͘ϬϭͿŚŝŐŚĞƌƚŚĂŶ
those of females. Our finding is ƐƵƉƉŽƌƚĞĚďǇDŽŚĂŵĞĚ;ϮϬϬϰͿǁŚŽstudied 
meat production from ewe compared with ram lambs, his finding was that, 
ŵĂůĞŚĂĚƐŝŐŶŝĮĐĂŶƚůǇ;WфϬ͘ϬϭͿŚŝŐŚĞƌ total weight gain than female. This is 
because he used desert lambs of the same age and weight. Between sexes the 
ĚĂŝůǇǁĞŝŐŚƚƐŐĂŝŶĨŽƌŵĂůĞ;ϭϵ͘ϰϰ gm) was significantly (PфϬ͘ϬϭͿŚŝŐŚĞƌ than 
that of female ;ϭϭ͘ϴϱŐŵͿ. This finding agreed with Macit et al͕͘;ϮϬϬϭͿǁŚŽ
found that the sex of lamb had a highly significantly (PфϬ͘ϬϭͿĞīĞĐƚŽŶĚĂŝůǇ
weight gain. DĂůĞůĂŵďƐǁĞƌĞƐŝŐŶŝĮĐĂŶƚůǇ;ƉфϬ͘ϬϭͿŚĞĂǀŝĞƌƚŚĂŶĨĞŵĂůĞůĂŵďƐ͘ 
This result is ƐƵƉƉŽƌƚĞĚďǇ^ŚĞůƚŽŶĂŶĚĂƌƉĞŶƚĞƌ;ϭϵϳϮͿĂŶĚ,ŽůĐŽŵďĞet al., 
(ϭϵϵϰͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚƚŚĞĚŝīĞƌĞŶĐĞƐďĞƚǁĞĞŶƌĂŵƐĂŶĚĞǁĞƐŝŶĂǀĞƌĂŐĞ
daily gain were highly significant due to sex and follow the trends to be 
expected with males making the highest gain and females the lowest. 
5. 2 linear body measurements and correlation coefficients 
In the present study there were no significant differences between feeding 
groups in linear body measurements ͕ƚŚŝƐĮŶĚŝŶŐĂŐƌĞĞĚǁŝƚŚDƵƐĂ;ϮϬϭϬͿ
who obtained the same result in desert sheep fed on different ration with 
different management system. The mean measurements for ear, head, neck, 
height at wither, heart girth, boĚǇůĞŶŐƚŚĂŶĚƚĂŝůůĞŶŐƚŚǁĞƌĞϭϲ͘ϮĐŵ͕Ϯϴ͘ϲĐŵ͕
Ϯϱ͘ϱĐŵ͕ϲϴ͘ϳĐŵ͕ϲϳ͘ϵĐŵ͕ϱϴ͘ϬĂŶĚϱϱ͘ϮĐŵ respectively. Between sex groups, 
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males had significantly (PфϬ͘ϬϱͿŐƌĞĂƚĞƌŚĞĂĚůĞŶŐƚŚ͕ŶĞĐŬůĞŶŐƚŚĂŶĚŚĞight at 
wither, significantly (PфϬ͘ϬϭͿŐƌĞĂƚĞƌďŽĚǇůĞŶŐƚŚ͘ These results were inferior 
to the finding of ďƵůĂǌĂǇŝŵ;ϭϵϵϲͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚ͕ĂĚƵůƚĚĞƐĞƌƚƐŚĞĞƉŽĨ
Sudan had an average wither height of ϴϲĐŵĂŶĚďŽĚǇǁĞŝŐŚƚŽĨϰϳŬŐ͘dhe 
various sub ecotypes showed different measurements. This may be due to the 
fact that he studied the body measurements of mature sheep. The present 
finding is lower than that of KŵĞƌ;ϮϬϬϵͿǁŚŽĨŽƵŶĚ that, the mean value of 
ďŽĚǇŵĞĂƐƵƌĞŵĞŶƚƐŝŶů'ĂƐŚƐŚĞĞƉǁĞƌĞϭϵ͘ϰ͕Ϯϳ͘ϮĐŵ͕ϴϬ͘ϱ͕ϴϰ͘ϱĂŶĚϱϵ͘Ϭ
cm for ear length, neck length, height at wither, heart girth and tail length 
respectively.  This is may be due to genotypic variations in sub ecotype of the 
desert sheep. ůƐŽƚŚĞƉƌĞƐĞŶƚƌĞƐƵůƚŝƐĐůŽƐĞƚŽDŽŚĂŵĞĚ;ϮϬϬϰͿǁŚŽĨŽƵŶĚ
that, the measurement of wither height, body length and back length were 
significantly (PфϬ͘ϬϭͿŐƌĞater in ram than in ewe lambs. But our finding is lower 
than Mehta et al͕͘;ϭϵϵϱͿ, this may be due to the fact that they used mature 
sheep in their experiment. 
Correlations between body weight and different body measurements showed 
that, height at wither, heart girth and body length were positively correlated 
with ƚŚĞďŽĚǇǁĞŝŐŚƚ;ƌсϬ͘ϲϮ͕WфϬ͘ϬϬϬͿ͕;ƌсϬ͘ϴϮ͕WфϬ͘ϬϬϬͿĂŶĚ;ƌсϬ͘ϳϭ, 
PфϬ͘ϬϬϬ) respectively. Other body measurements did not show positive 
correlation with body weight. The present result is in agreement with 
DŽŚĂŵĞĚ;ϮϬϬϯͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚ͕ŝŶ<ĂďĂƐŚŝůĂŵďƐ͕ƚŚĞďĞƐƚƌĞůĂƟŽŶƐŚŝƉ
was found between heart girth, head and height at wither with body weight. 
This because we used Hammari ecotype in our study which is closely related to 
Kabashi subtype. 
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5. 3 Carcass characteristics 
5. 3. 1 Slaughter weights and Carcass weights  
In the present study live weight, carcass weight and empty body weight were 
not significantly (P>Ϭ͘ϬϱͿĚŝīĞƌĞŶƚďĞƚǁĞĞŶĨĞĞĚŝŶŐŐƌŽƵƉƐĂůƚŚŽƵŐŚĂŶŝŵĂůƐ
in group A had the highest weights than that of groups B and C. This finding is 
in agreement with Field et al͕͘;ϭϵϵϬͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚŚŝŐŚƉůĂŶĞŽĨŶŝƚƌŽŐĞŶ
in lambs diet result in heavier carcass and thicker fat depth compared with 
lambs fed low plane of nitrogen. Also the present result agreed with Beshir 
;ϭϵϵϲͿǁŚŽĨŽƵŶĚƚŚĂƚ͕ƚŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĮĐĂŶƚĚŝīĞƌĞŶĐĞƐďĞƚǁĞĞŶĨĞĞĚŝŶŐ
groups in slaughter weight, hot and cold carcass weights when lambs fed on 
ƌĂƟŽŶĐŽŶƚĂŝŶĚŝīĞƌĞŶƚůĞǀĞů;Ϭ͘ϭϬĂŶĚϮϬйͿŬĂƌŬĂĚĞŚƐĞĞĚ. Since animals in 
ŐƌŽƵƉƌĞĐĞŝǀĞĚϰϬϬŐŵŽĨ ƚƌĞĂƚĞĚŐƌŽƵŶĚŶƵƚŚƵůƉůƵƐϭϮϬ molasses and this 
group is superior to other two groups, this indicate that addition of urea-
treated groundnut hull and  molasses to grazing lambs is beneficial. 
Among sex groups ƐůĂƵŐŚƚĞƌǁĞŝŐŚƚƐǁĞƌĞϮϰ͘ϬϴǀĞƌƐƵƐ Ϯϰ͘ϬϰŬŐ͕Śot carcass 
ǁĞŝŐŚƚƐǁĞƌĞϵ͘ϵϴǀĞƌƐƵƐ ϵ͘ϵϲŬg and ĐŽůĚĐĂƌĐĂƐƐǁĞŝŐŚƚƐϵ͘ϰϮǀĞƌƐƵƐ ϵ͘ϭϭŬŐ
for male and female respectively, although these weights were not 
significantly (PхϬ͘ϬϱͿĚŝīĞƌĞŶƚ͕ďƵƚŵĂůĞƐŚĂĚƐlightly heavier weight than 
those of females. This result is similar to the finding of Mahgoub et al ͘;ϮϬϬϭͿ
who reported that ram lambs had heavier slaughter weights than ewe lambs. 
But the present study ĚŝƐĂŐƌĞĞĚǁŝƚŚƚŚĞĮŶĚŝŶŐŽĨDŽŚĂŵĞĚ;ϮϬϬϰͿǁŚŽ
reported that, ewes had significantly greater slaughter weight, empty body 
weight, cold carcass weight and half carcass weight than rams. This is may be 
due fact that he supplement the lambs with a ration containing concentrates.  
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5. 3. 2 Gut fill weight 
Gut fill weight was not significantly different between feeding groups and 
between sex groups, ƌĂŶŐĞĚďĞƚǁĞĞŶϱ͘ϵϴĂŶĚϲ͘ϲϱŬŐ͘dhis finding is in line 
ǁŝƚŚDŽŚĂŵĞĚ;ϮϬϬϯͿǁŚŽĨŽƵŶĚŐƵƚĮůǁĞŝŐŚƚŽĨϲ͘ϮϵŬŐĨŽƌƉĞŶĨĞĚůĂŵďƐ
ĂŶĚϱ͘ϬϮŬŐĨŽƌĨƌĞĞŐƌĂǌŝŶŐůĂŵďƐ͘ This result indicated that inoculation of 
urea and molasses in the diet increase consumption rate. 
5. 3. 3 subcutaneous fat thickness 
  Subcutaneous fat thickness data Ϭ͘ϯϰ͕ Ϭ͘ϮϴĂŶĚϬ͘ϮϬĐŵĨŽƌŐƌŽƵƉƐ͕ĂŶĚ
respectively, these data revealed no significant differences between feeding 
groups. TŚŝƐƌĞƐƵůƚŝƐŚŝŐŚĞƌƚŚĂŶƚŚĂƚŽĨDŽŚĂŵĞĚ;ϮϬϬϯͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚ͕
the average subcutaneous fat thickness in free grazing desert lambs ǁĂƐϬ͘ϯϯ
cm. This may be due to the addition of non protein nitrogen source (urea) and 
molasses. Between sex groups females had significantly (PфϬ͘ϬϭͿŚŝŐŚĞƌ
subcutaneous fat thickness than males, this finding is supported by Carpenter 
et al., (ϭϵϲϵͿǁŚŽƐƚĂƚĞĚƚŚĂƚ͕ĨĞŵĂůĞůĂŵďƐĚĞƉŽƐŝƚĨĂƚĨĂƐƚĞƌĂŶĚĞĂƌůŝĞƌƚŚĂŶ
rams and that withers closely approach females in rate of fat deposition. 
SŝŵŝůĂƌůǇƌŶŽůĚĂŶĚDĞǇĞƌ;ϭϵϴϴͿƌĞƉŽƌƚĞĚƚŚĂƚƌĂŵƐŚĂĚůĞƐƐƐƵďĐƵƚĂŶĞŽƵƐ
fat over the longissimus dorsi muscle than did withers. Ewes had more 
subcutaneous fat over the longissimus dorsi muscle than did wither and rams. 
 
 
5. 3. 4 Eye muscle area  
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 Eye muscle area measurements ǁĞƌĞϵ͘Ϯ͕ϴ͘ϵĂŶĚϴ͘ϬcmϮ in treatments A, B 
and C respectively. OuƌƌĞƐƵůƚǁĂƐůŽǁĞƌƚŚĂŶDŽŚĂŵĞĚ;ϮϬϬϯͿǁŚŽĨŽƵŶĚ
ƚŚĂƚ͕ĂǀĞƌĂŐĞĞǇĞŵƵƐĐůĞĂƌĞĂƐǁĞƌĞϭϳ͘ϬĐŵϮ in pen fed desert sheep lambs 
but it was higher than in ĨƌĞĞŐƌĂǌŝŶŐůĂŵƐ;ϴ͘ϱϵcmϮ). The present result is 
lower than DŽŚĂŵĞĚ;ϮϬϬϯͿthis may be due to the inoculation of groundnut 
hay in his experiments which improve the nutritive value of the groundnut 
hulls. Also the current finding is similar to Mohamed (ϮϬϬϰͿǁŚŽƌĞƉŽƌƚĞĚ eye 
ŵƵƐĐůĞĂƌĞĂƐǁĞƌĞϭϭ͘ϰĐŵϮ ĂŶĚϵ͘ϳϴĐŵϮ for male and female desert sheep 
ůĂŵƐƌĞƐƉĞĐƟǀĞůǇ͘ŵŽŶŐƐĞǆŐƌŽƵƉƐŵĂůĞƐ;ϭϬ͘ϬĐŵϮ) had significantly 
(PфϬ͘ϬϭͿŐƌĞĂƚĞƌĞǇĞŵƵƐĐůĞĂƌĞĂƚŚĂŶƚŚĂƚŽĨĨĞŵĂůĞƐ;ϳ͘ϰĐŵϮ). This result is 
supported by ǀĞƌŝƩĂŶĚũƵƌǇ;ϭϵϲϰͿǁŚŽƐƚĂƚĞĚƚŚĂƚ͕ĞǇĞŵƵƐĐůĞĐƌŽƐƐ-
sectional area was larger for males than females.  
5. 3. 5 Dressing out percentage 
Dietary treatments did not affect dressing out percentage whether on 
slaughter or empty body weight bases. Current result was the same as Osman 
ĂŶĚůƐŚĂĮĞ;ϭϵϲϳͿǁŚŽĨŽƵŶĚƚŚĂƚ͕ƚŚĞĚƌĞƐƐŝŶŐŽƵƚƉĞƌĐĞŶƚĂŐĞŽĨ^ƵĚĂŶ
ĚĞƐĞƌƚƐŚĞĞƉǇĞĂƌůŝŶŐǁĂƐƚŽďĞϰϮ͘ϴй͘dŚĞƉƌĞƐĞŶƚƌĞƐƵůƚŝƐŝŶĨĞƌŝŽƌƚŽƚŚĂƚŽĨ
Gaili et al͕͘;ϭϵϳϴͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚ͕ĂŐĞĂŶĚǀĂƌŝĂƟŽŶŝŶĨĞĞĚŝŶŐ level had a 
significant effect on dressing out percentage, they found that, dressing out 
ƉĞƌĐĞŶƚĂŐĞǁĞƌĞϰϬ͘ϳϭ͕ϰϬ͘ϵϮĂŶĚϰϯ͘ϮϯĨŽƌǇŽƵŶŐ͕ǇĞĂƌůŝŶŐĂŶĚŵĂƚƵƌĞ
unfattened Sudan desert sheep respectively, whereas the respective dressing 
out percentage for fattening young, yearling and mature desert sheep were 
ϰϴ͘Ϯϰ͕ϱϬ͘ϬϭĂŶĚϱϮ͘Ϯϱ͘ƵƚŽƵƌĮŶĚŝŶŐŝƐůŽǁĞƌƚŚĂŶƚŚĞĮŶĚŝŶŐof El Karim 
ĂŶĚKǁĞŶ;ϭϵϴϳͿǁŚŽĨŽƵŶĚĚƌĞƐƐŝŶŐŽƵƚƉĞƌĐĞŶƚĂŐĞŽĨϰϱ͘ϬϲĂŶĚϰϯ͘ϯϱĨŽƌ
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Sudan Desert sheep ecotype Watish and Shugar respectively. This is due to the 
fact that they used concentrated rations in their experiments. 
Between sexes groups dressing out percentages whether on slaughter weight 
bases or on empty body weight were not significantly different between the 
two sexes but females had higher dressing out percentage than males. This 
finding is in agreement with many authors, Kirton et al ͘;ϭϵϴϮͿ͕ůŬĂƐƐet al. 
;ϭϵϴϱͿĂŶĚDĂŚŐŽƵďet al ͘;ϭϵϵϴͿǁŚŽĐŽŶĐůƵĚĞĚƚŚĂƚ͕ǇŽƵŶŐĨĞŵĂůĞƐŚĞĞƉ
dressed slightly heavier than males. Also the present result is in line with the 
ĮŶĚŝŶŐŽĨDŽŚĂŵĞĚ;ϮϬϬϰͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚĚƌĞƐƐŝŶŐŽƵƚƉĞƌĐĞŶƚĂŐĞŽŶ
ĞŵƉƚǇďŽĚǇďĂƐĞƐŽĨϱϲ͘ϳϮĂŶĚϱϳ͘ϳϬĨŽƌŵĂůĞĂŶĚĨĞŵĂůĞ͘ This is due to the 
ĨĂĐƚƚŚĂƚ͕DŽŚĂŵĞĚ;ϮϬϬϰͿhad studied carcass characteristics of desert sheep 
on natural grazing. 
5. 4 Carcass yield 
5. 4. 1 Yield of wholesale carcass cuts 
 Wholesale cuts weights were not significantly different between feeding 
groups but animals in group A had the heaviest cuts than the other two 
groups. BeƐŚŝƌ;ϭϵϵϲͿ who found that lambs fed on ration contain different 
ůĞǀĞů;Ϭ͘ϭϬĂŶĚϮϬйͿŬĂƌŬĂĚĞŚƐĞĞĚ were  not significantly different for the 
wholesale cuts weights. This is may be due to the fact that group A received 
high quantity of urea-treated  groundnut and molasses than the other two 
groups.  Among sex, male had significantly (PфϬ͘ϬϱͿŐƌĞĂƚĞƌneck weight 
;ϰϮϲ͘ϴŐŵͿƚŚĂŶƚŚĂƚ ŽĨĨĞŵĂůĞ;ϯϲϱ͘ϰͿ͕ǁŚŝůĞĨĞŵĂůĞŚĂĚƐŝŐŶŝĮĐĂŶtly (PфϬ͘ϬϱͿ
ŐƌĞĂƚĞƌďƌĞĂƐƚǁĞŝŐŚƚ;ϯϯϳ͘ϵŐŵͿĂŶĚƐŝƌůŽŝŶǁĞŝŐŚƚ;ϯϯϱ͘ϬŐŵͿƚŚĂŶƚŚŽƐĞŽf 
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ŵĂůĞ;ϯϬϳ͘ϵgm) and (ϯϭϳ͘ϬŐŵͿƌĞƐƉĞĐƟǀĞůǇ͘dŚĞƉƌĞƐĞŶƚĮŶĚŝŶŐŝƐŝŶ
ĂŐƌĞĞŵĞŶƚǁŝƚŚKŵĞƌ;ϮϬϬϵͿǁŚŽĨŽƵŶĚƚŚĂƚ͕ƚŚĞůĞŐ͕ĐŚƵŵƉĂŶĚƚĂŝůǁĞƌĞ
heavier in female than male, while single short forequarter, breast, loin, best 
end of the neck were heavier in male than female. Also our result  is close to 
MoŚĂŵĞĚ;ϮϬϬϰͿǁŚŽĨŽƵŶĚƚŚĂƚ͕ƚŚĞůĞŐ͕ĐŚƵŵƉ͕ůŽŝŶ͕ďĞƐƚĞŶĚŽĨƚŚĞŶĞĐŬ
were greater in ewe lambs than in ram lambs, while single short forequarter in 
addition to the neck were greater in ram lambs. Also the present result agreed 
with Elmoula et al͕͘;ϭϵϵϵͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚ͕ƚŚĞƉƌŽƉŽƌƟŽŶŽĨůŽŝŶ͕ůĞŐĂŶĚ
chump were heavier in females but the neck and single forequarter were 
heavier in males. These differences may be due to sex hormones. 
5. 4. 2 Carcass compositions 
 Total muscle, bone, fat and trim weights data revealed no significant 
differences between feeding groups although animals in group A had got the 
highest value for muscle, bone and fat. This is may be due to lack of true 
protein source in our diets. Among sexes the result indicated that males had 
significantly (PфϬ͘ϬϱͿŐƌĞĂƚĞƌďŽŶĞǁĞŝŐŚƚƚŚĂŶĨĞŵĂůĞƐ͕ǁŚŝůĞĨĞŵĂůĞƚŽƚĂůĨĂƚ
weight was significantly (PфϬ͘Ϭϱ) higher than that of male. This result is 
supported by Gaili and Mahgoub (ϭϵϴϭ) and Ahmed and Davies (ϭϵϴϲͿǁŚŽ
concluded that, ewes deposited fat at faster rate and had more carcass fat and 
slightly less muscle and bone at an equal adjusted carcass weight compared 
with rams. This is due to effect of sex hormones. 
5. 4. 3 Meat: bone ratio 
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Animals in group A had significantly (PфϬ͘ϬϭͿŚŝŐŚĞƌŵĞĂƚ͗ďŽŶĞƌĂƟŽ;Ϯ͘ϰͿ
ƚŚĂŶƚŚĂƚŝŶŐƌŽƵƉĂŶĚ;Ϯ͘ϮͿ͘dŚĞƉƌĞƐĞŶƚƐƚƵĚǇŝƐƐƵƉĞƌŝŽƌƚŽƚŚĂƚŽĨDƵƐĂ
;ϮϬϭϬͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚƚŚĞĂǀĞƌĂŐĞŵĞĂƚ͗ bone ratio of Sudan desert sheep 
ǁĂƐϮ͘ϭϯ͘ůƐŽƚŚĞĐƵƌƌĞŶƚ finding is in line with Mansour et al͕͘;ϭϵϴϴͿǁŚŽ
ĨŽƵŶĚƚŚĂƚ͕ŵƵƐĐůĞ͗ďŽŶĞƌĂƟŽŽĨϮ͘ϮϮ͕Ϯ͘ϱĂŶĚϮ͘ϯϳĨŽƌ^ƵĚĂŶdesert lambs, 
but the current finding ĚŝƐĂŐƌĞĞĚǁŝƚŚĂůŽǁ;ϭϵϰϴ) who concluded that, 
there were no significant differences in muscle: bone ratio between four 
different planes of nutrition. Our finding also is slightly lower than that 
obtained by El Hassan ;ϭϵϵϰͿǁŚŽƌĞƉŽƌƚĞĚŵĞĂƚ͗ďŽŶĞƌĂƟŽŽĨϮ͘ϲϰ͕Ϯ͘ϱϳĂŶĚ
Ϯ͘ϴϲĨŽƌ^ŚƵŐĂƌ͕ƵďƐŝĂnd Watish Sudan desert sheep ecotypes respectively, 
this may be due the fact that ů,ĂƐƐĂŶ;ϭϵϵϰͿĨĞĚĂŚŝŐŚĐŽŶĐĞŶƚƌĂƚĞĚŝĞƚƐ͘ 
 Among sexes female muscle: bone ratio was significantly (PфϬ͘ϬϱͿŐƌĞĂƚĞƌ
than male. This finding is supported by Tayler ;ϭϵϲϰͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚ
muscle: bone ratio increase with fatness due to increase in intramuscular fat, 
this may be due to effect of sex hormone.  This study disagreed with Omer 
;ϮϬϬϵͿǁŚŽƌĞƉŽƌƚĞĚŵĞĂƚ͗ďŽŶĞƌĂƟŽŽĨ (ϯ) in females and (Ϯ͘ϱ) in males of El 
Gash ecotype desert sheep. 
5. 5 Non carcass components 
 Except for the rumen empty and reproductive organs, non carcass 
components weight were not significantly differ between feeding groups but 
group A had heavier organs weight than group B and C. Rumen empty and 
reproductive organs were significantly (PфϬ͘ϬϱͿĚŝīĞƌĞŶƚďĞƚǁĞĞŶĨĞĞĚŝŶŐ
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groups. This may be due to the fact that groups A and B received 
supplementation diets.  
Among sex groups males had significantly (PфϬ͘ϬϱͿŚĞĂǀŝĞƌƚĂŝůǁĞŝŐŚƚƚŚĂŶ
that of females. Males had significantly (PфϬ͘ϬϭͿŚĞĂǀŝĞƌ reproductive organs 
than that of females, this finding is in agreement with that of Mohamed 
;ϮϬϬϰͿĂŶĚDƵƐĂ;ϮϬϭϬͿ who found that, males reproductive organs weights 
were significantly (P< Ϭ͘ϬϭͿŚŝŐŚĞƌƚŚĂŶƚŚĂƚŽĨfemales. Females had 
significantly (PфϬ͘ϬϱͿŐƌĞĂƚĞƌŵĞƐĞŶƚĞƌŝĐĨĂƚǁĞŝŐŚƚƚŚĂŶŵĂůĞƐ. Omentum fat 
weights were significantly (PфϬ͘ϬϭͿŚŝŐŚĞƌŝŶĨĞŵĂůĞƚŚĂŶŝŶŵĂůĞ. This finding 
ŝƐŝŶůŝŶĞǁŝƚŚDƵƐĂ;ϮϬϭϬͿǁŚŽƌĞƉŽƌƚĞĚƚŚĞƐĂŵĞ result, the present result is 
ůŽǁĞƌƚŚĂŶƚŚĂƚŽĨKŵĞƌ;ϮϬϬϵͿǁŚŽĨŽƵŶĚƚŚat, females had significantly (P< 
Ϭ͘ϬϭͿŚŝŐŚĞƌŵĞƐĞŶƚĞƌŝĐĨĂƚǁĞŝŐŚƚƚŚĂŶƚŚĂƚŽĨŵĂůĞƐ͕ŽƵƌĮŶĚŝŶŐŝƐƐuperior 
ƚŽƚŚĂƚŽĨDŽŚĂŵĞĚ;ϮϬϬϰ) who reported that, there were no significant 
differences in mesenteric fat weights between males and females. Oentum fat 
weights among sexes were significantly (PфϬ͘ϬϭͿŚŝŐŚĞƌŝŶĨĞŵĂůĞƐƚŚĂŶŝŶ
males. TŚŝƐĮŶĚŝŶŐŝƐŝŶůŝŶĞǁŝƚŚƚŚĂƚŽĨKŵĞƌ;ϮϬϬϵͿĂŶĚDƵƐĂ;ϮϬϭϬͿ͕ďƵƚŝƚ
was superior to the resƵůƚŽĨDŽŚĂŵĞĚ;ϮϬϬϰͿǁŚŽĨŽƵŶĚƚŚĂt, females had 
significantly (PфϬ͘ϬϱͿŚĞĂǀŝĞƌŽŵĞŶƚƵŵĨĂƚƚŚĂŶŵĂůĞƐ. This is due to the fact 
that females deposit fat at higher    rate than males. 
Other non carcass components weight were not  significantly different  among 
sex groups, but intestine full , intestine empty , lung and trachea, heart, head, 
skin, four feet, kidney weights were higher in males than female.  This result is 
ĂŐƌĞĞŵĞŶƚǁŝƚŚǀĞƌƌŝƚĂŶĚ:ƵƌǇ;ϭϵϵϰͿǁŚŽƐƚĂƚĞĚƚŚĂƚƚŚĞŵĞĂŶǁĞŝŐŚƚŽĨ
non carcass component increased with age. Head, kidneys, pelt, heart, lung 
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and trachea, gastrointestinal tract, liver and spleen weights were heavier in 
rams than ewes and heavier in entire male than gonadectomized lambs. The 
ƐĂŵĞƌĞƐƵůƚǁĂƐŽďƚĂŝŶĞĚďǇKŵĞƌ;ϮϬϬϲͿĂŶĚDƵƐĂ;ϮϬϭϬͿĚƵĞƚŽƚŚĞƐĂŵĞ
reason. 
5. 6 Chemical composition of the meat 
The chemical compositions were not significantly (P>Ϭ͘ϬϱͿĚŝīĞƌĞŶƚ between 
feeding groups except for ash percentage which was significantly (PфϬ͘ϬϱͿ
higher in animal of group B and C than in group A. This result is similar to that 
obtained by Gaili et al͕͘;ϭϵϳϮͿǁŚŽĨŽƵŶĚƚŚĂƚĂƐŚŝŶĨĂƩĞĚĂŶŝŵĂůƐǁĂƐůŽǁĞƌ
than in unfattend animals. The present result is lower than the finding of El 
Tayeb et al͕͘;ϭϵϵϭͿ͕ƚŚŝƐŵĂǇďĞĚƵĞƚŽƚŚĞ fact that he used concentrate 
ration in his experiment. 
Among sexes male had significantly (PфϬ͘ϬϭͿŚŝŐŚĞƌŵŽŝƐƚƵƌĞĂŶĚƉƌŽƚĞŝŶ
percentage than female, while female had significantly (PфϬ͘ϬϬϭͿŐƌĞĂƚĞƌĞƚŚĞƌ
extracted percentage than male. This result is in agreement with Everitt and 
:ƵƌǇ;ϭϵϵϰͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚ͕ƚŚĞƐĞĚŝīĞƌĞŶĐĞƐŝŶƚŚĞƉĞƌĐĞŶƚĂŐĞŽĨŵŽŝƐƚƵƌĞ
in the carcass were reflected in differences in the percentage of fat, and 
females had significantly (PфϬ͘ϬϬϭͿŐƌĞĂƚĞƌĨĂƚĐŽŶƚĞŶƚƚŚĂŶŵĂůĞƐ, and males 
had higher percentages of protein and ash in the carcass than females. The 
present finding disagreed with DŽŚĂŵĞĚ;ϮϬϬϰͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚƚŚĞƌĞǁĞƌĞ
no significant differences between the two sex groups in the percentage of 
moisture, protein, and ash. However ram lambs meat had slightly higher value 
than ewe lambs meat, fat percentage was significantly (PфϬ͘ϬϭͿŚŝŐŚĞƌŝŶĞǁĞ
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ůĂŵďƐ͘dŚĞƌĞĐŽƌĚĞĚǀĂůƵĞƐŽĨŚŝƐƐƚƵĚǇĨŽƌŵĂůĞĂŶĚĨĞŵĂůĞƐǁĞƌĞϳϱ͘ϴϵĂŶĚ
ϳϱ͘ϭϰйŵŽŝƐƚƵƌĞ͕ϮϬ͘ϳϮĂŶĚϮϭ͘ϮϮйƉƌŽƚĞŝŶ͕Ϯ͘ϬĂŶĚϮ͘ϱϴйĨĂƚ͕ĂŶĚϭ͘ϬϰĂŶĚ
ϭ͘ϬϭйĂsh respectively. The current finding ŝƐƐƵƉĞƌŝŽƌƚŽKŵĞƌ;ϮϬϬϵͿǁŚŽ
stated that, between sexes the moisture percentage was significantly (PфϬ͘ϬϱͿ
higher in males than females, the protein percentage was not significantly 
different but slightly higher in males than females, although the fat percentage 
was significantly (PфϬ͘ϬϱͿŚŝŐŚĞƌŝŶĨĞŵĂůĞƐƚŚĂŶŵĂůĞƐ͘ 
5. 7 Quality attributes 
5. 7. 1 Water holing capacity (WHC) 
 Data of water holding capacity revealed no significant difference between 
feeding groups but among sexes male had significantly (PфϬ͘ϬϭͿŚŝŐŚĞƌ;t,Ϳ
ƚŚĂŶĨĞŵĂůĞ͘dŚŝƐƌĞƐƵůƚĂŐƌĞĞĚǁŝƚŚ>,ĂƐƐĂŶ;ϭϵϵϰͿǁŚŽĨŽƵŶĚƚŚĂƚ͕ƚŚĞ
ĂǀĞƌĂŐĞǀĂůƵĞŽĨ;t,ͿĨŽƌ^ƵĚĂŶĚĞƐĞƌƚƐŚĞĞƉǁĂƐϭ͘Ϯϱ͘dŚĞƉƌĞƐĞŶƚƌesult is 
ůŽǁĞƌƚŚĂŶƚŚĂƚŽĨDŽŚĂŵĞĚ;ϮϬϬϰͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚ͕;t,ͿǁĂƐϮ͘ϴϭĨŽƌ
ŵĂůĞůĂŵďĂŶĚϮ͘ϵϵĨŽƌĞǁĞůĂŵď͘ƵƚƚŚĞƉƌĞƐĞŶƚĮŶĚŝŶŐĚŝƐĂŐƌĞĞĚǁŝƚŚ
KŵĞƌ;ϮϬϬϵͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚ͕;t,ͿŽĨŵĂůĞĚĞƐĞƌƚƐŚĞĞƉůĂŵď;Ϯ͘ϱͿǁĂƐ
ŚŝŐŚĞƌƚŚĂŶƚŚĂƚŽĨĨĞŵĂůĞ;Ϯ͘ϮͿďƵƚƚŚĞĚŝīĞƌĞŶĐĞǁĂƐŶŽƚƐŽƐŝŐŶŝĮĐĂŶƚ͘ 
 
5. 7. 2 Cooking loss percentage 
 Cooking loss percentage was not significantly different between different 
feeding groups but, group A had got the least value and group C had the 
greatest value. Among sexes also there were no significant differences cooking 
loss %, but female had greater value than male. The present study is superior 
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to El Khidir et al͕͘;ϭϵϵϴͿǁŚŽƌĞƉŽƌƚĞĚƚŚĂƚ͕ĐŽŽŬŝŶŐůŽƐƐйǁĂƐϯϰ͘ϮĨŽƌŐŽĂƚ
ĂŶĚϯϲ͘ϲĨŽƌƐŚĞĞƉ͘dŚĞƉƌĞƐĞŶƚƌĞƐƵůƚŝƐŝŶůŝŶĞǁŝƚŚKŵĞƌ;ϮϬϬϵͿǁŚŽĨŽƵŶĚ
ƚŚĂƚ͕ĐŽŽŬŝŶŐůŽƐƐйǁĞƌĞϰϬ͘ϴŝŶŵĂůĞĂŶĚϰϮ͘ϱŝŶĨĞŵĂůĞĚĞƐĞƌƚůĂŵďƐ͘ This is 
because cooking loss affected mainly by water holding capacity of meat (Lawrie, 
1991). 
5. 7. 3 Objective colour measurements 
Colour scores of longisimus dorsi muscle revealed no significant differences in 
lightness (L), redness (a) and yellowness (b) among feeding groups and 
between sex groups. This result is in agreement with BaƐŚŝƌ;ϭϵϵϲͿǁŚŽ
reported that, there were no significant differences in colour among feeding 
groups ŽĨůĂŵďƐĨĞĚĚŝīĞƌĞŶƚůĞǀĞůƐ;Ϭ͘ϭϬĂŶĚϮϬйͿŬĂƌĚĂĚĞŚƐĞĞĚƐ. Also the 
ƉƌĞƐĞŶƚĮŶĚŝŶŐŝƐƐƵƉƉŽƌƚĞĚďǇ^ƵůŝŵĂŶ;ϭϵϵϵͿĂŶĚDƵƐĂ;ϮϬϭϬͿǁŚŽŽďƚĂŝŶĞĚ
similar results between treatment groups. Among sex groups the present 
study is in ůŝŶĞǁŝƚŚKŵĞƌ;ϮϬϬϵͿǁŚŽĨŽƵŶĚ that, female had higher colour 
score for (L) than male, while male had higher colour score for (a) and (b) than 
female. This means that colour scores of meat was not affected by addition of 
urea-treated groundnut hulls and molasses to grazing lambs. 
5. 7. 4 Subjective sensory evaluations taste 
 Data of subjective evaluation of cooked meat colour, flavour, juiciness, 
tenderness and overall acceptability indicated that, there were no significant 
differences among dietary groups and btween sex groups. This result is agreed 
ǁŝƚŚ^ƵůŝŵĂŶ;ϭϵϵϵͿǁŚŽĨŽƵŶĚƚŚĂƚ͕ƚŚĞƌĞǁĞƌĞŶŽƐŝŐŶŝĮĐĂŶƚĚŝīĞƌĞŶĐĞƐ
between feeding groups (cotton seed cake, groundnut cake, sesame cake and 
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sunflower seed cake) for all subjective parameters, also our finding is 
supported ǁŝƚŚDƵƐĂ;ϮϬϭϬ) who reported that there were no significant 
differences between ram and ewe for colour, juiciness, flavour intensity, 
tenderness and overall acceptability. This result indicated that urea-treated 
groundnut hulls and molasses had no undesirable effect on sensory evaluation 
of cooked meat. 
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Chapter Six 
Conclusions and Recommendations  
6. 1 Conclusions:  
The results obtained from this study could be concluded as follows:  
- Hammari desert sheep lambs supplemented with urea-treated groundnut 
hulls and molasses gave greater final weight, total weight gain and daily weight 
gain than the free grazing ones.  
-MĂůĞůĂŵďƐŚĂĚƐŝŐŶŝĮĐĂŶƚůǇ;ƉфϬ͘ϬϭͿŐƌĞĂƚĞƌĮŶĂůǁĞŝŐŚƚ͕ƚŽƚĂůǁĞŝŐŚƚŐĂŝŶ
and daily weight gain than female lambs. 
-DĂůĞƐŚĂĚƐŝŐŶŝĮĐĂŶƚůǇ;ƉфϬ͘ϬϱͿŐƌĞĂƚĞƌŚĞĂĚůĞŶŐƚŚ͕ŶĞĐŬůĞŶŐƚŚ͕ŚĞŝŐŚƚĂƚ
wither and body length than females. 
-Height at wither, heart girth and body length were positively correlated with 
the body weight. 
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-Male lambs had slightly heavier carcass weights than female lambs but the 
differences were not significant. Dressing out %, subcutaneous fat thickness 
and eye muscle area were not significantly different between feeding groups.  
-Females had significantly (PфϬ͘ϬϭͿŐƌĞĂƚĞƌsubcutaneous fat thickness, 
significantly (PфϬ͘ϬϱͿŚŝŐŚĞƌĨĂƚǁĞŝŐŚƚĂŶĚŵĞĂƚ͗ďŽŶĞƌĂƟŽƚŚĂŶŵĂůĞƐ͘        -
Males had significantly (PфϬ͘ϬϭͿŐƌĞĂƚĞƌĞǇĞŵƵƐĐůĞĂƌĞa and significantly 
;ƉфϬ͘ϬϱͿŐƌĞĂƚĞƌŵƵƐĐůĞǁĞŝŐŚƚƚŚĂŶĨĞŵĂůĞƐ͘ 
-No significant differences were found between feeding groups for WHC and 
cooking loss percentage ͘DĂůĞƐŚĂĚƐŝŐŶŝĮĐĂŶƚůǇ;ƉфϬ͘ϬϭͿŐƌĞĂƚĞƌt,
compared with females. 
-Chemical composition and quality attributes of meat were not significantly 
different between treatment groups, but meat from male lambs had 
ƐŝŐŶŝĮĐĂŶƚůǇ;ƉфϬ͘ϬϭͿŚŝŐŚĞƌŵŽŝƐƚƵƌĞйĂŶĚƉƌŽƚĞŝŶйƚŚĂŶƚŚĂƚŽĨĨĞŵĂůĞƐ͕
ǁŚŝůĞĨĞŵĂůĞƐŚĂĚƐŝŐŶŝĮĐĂŶƚůǇ;ƉфϬ͘ϬϬϭͿŚŝŐŚĞƌĞƚŚĞƌĞǆƚƌĂcted % than males. 
-Feeding of urea-treated groundnut hull and molasses gave better results on 
final body weight, total weight gain, daily weight gain, carcass weight and 
meat: bone ratio of desert sheep lambs compared to free grazing ones. 
6. 2 Recommendations: 
-Supplementation of urea-treated groundnut hull and molasses to grazing 
desert lambs is efficient for maintenance purposes. 
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-More studies are needed to confirm the effects of inclusion of urea-treated 
groundnut hull and molasses as basal feed on the performance and carcass 
characteristics of desert sheep lambs. 
    ϯ- Applied extension for sheep producers must be practiced so as to adopt 
new feeding programmes and technologies in future  
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Appendixes 
ƉƉĞŶĚŝǆ;ϭͿ: Effect of feeding urea-treated groundnut hulls and molasses on performance of desert sheep (Hammari 
ecotype) lambs ;ŶсϮϬͿ 
 
 
 
 





Parameter Feeding treatments 
Mean ± SE 
LS 
 A B C  
Feedlot periods(days) ϵϬ ϵϬ ϵϬ  
No. of animals ϮϬ ϮϬ ϮϬ  
Initial  live Wt (kg ) Ϯϱ͘ϭϯцϬ͘ϳϰ Ϯϰ͘ϳϲцϬ͘ϳϰ Ϭ͘ϳϰ Ϯϰ͘ϵϵц NS 
Final live Wt (Kg) Ϭ͘ϳϳ Ϯϳ͘ϰϭц Ϭ͘ϳϳ Ϯϲ͘Ϯϰц Ϯϱ͘ϰϱцϬ͘ϳϳ NS 
Total Wt gain (kg) Ϯ͘Ϯϵ± Ϭ͘ϮϮa ϭ͘ϰϴ± Ϭ͘ϮϮb Ϭ͘ϰϲ± Ϭ͘ϮϮc *** 
Daily Wt gain (gm) aϮ͘ϰϯ Ϯϱ͘ϰϮц ϭϲ͘ϯϵц Ϯ͘ϰϯb cϮ͘ϰϯ ϱ͘ϭϰц *** 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϭϬϳ 
 
 
In this and subsequence tables means: 
Wt: Weight 
SE:  Standard error 
LS:  Least significance 
NS: Not Significant at (P>Ϭ͘ϬϱͿ 
Ύ͗ƐŝŐŶŝĮĐĂŶƚĂƚ;WфϬ͘ϬϱͿ 
ΎΎ͗ƐŝŐŶŝĮĐĂŶƚĂƚ;WфϬ͘ϬϭͿ 
***: significant at (PфϬ͘ϬϬϭͿ 
a,b: Means within the same row ĨŽůŽǁĞĚďǇĚŝīĞƌĞŶƚƐƵƉĞƌƐĐƌŝƉƚƐĂƌĞƐŝŐŶŝĮĐĂŶƚůǇ;WфϬ͘ϬϱͿĚŝīĞƌĞŶƚ͘ 
͗&ƌĞĞŐƌĂǌŝŶŐŽīĞƌĞĚϰϬϬŐŵhd',ŝŶĂĚĚŝƟŽŶƚŽϭϮϬŐŵŵŽůĂƐƐĞƐ͘ 
͗&ƌĞĞŐƌĂǌŝŶŐŽīĞƌĞĚϮϬϬŐhd',ŝŶĂĚĚŝƟŽŶƚŽϲϬŐŵŵŽůĂƐƐĞƐ͘ 
C: Free grazing lambs. 
 
 

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ƉƉĞŶĚŝǆ;ϮͿ: Effect of sex on performance of desert sheep (Hammari ecotype) lambs ;ŶсϯϬͿ

Parameter Sex 
Mean ± SE 
LS 
Male Female 
Initial  Live Wt (kg)  Ϯϱ͘ϲϱцϬ͘ϲ Ϯϰ͘ϮϳцϬ͘ϱϳ NS 
Final body Wt ( kg ) Ϯϳ͘ϰϬцϬ͘ϲ Ϯϱ͘ϯϯцϬ͘ϱϳ * 
Total body gain ( kg ) ϭ͘ϳϱцϬ͘ϭϴ ϭ͘ϬϳцϬ͘ϭϴ ** 
Daily gain (gm) ϭϵ͘ϰϰцϭ͘ϵϴ ϭϭ͘ϴϱцϭ͘ϵϴ ** 
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ƉƉĞŶĚŝǆ;ϯ):  Total carcass tissues as % of the half carcass wt 
 
Group           
                       Sex
      Total  muscle%           
male                 female 
          Total bone %      
male                  female                
         Total fa t%      
male          female      
                 Total trim % 
Male                   female
Meat : bone ratio  
Male                 Female 
A ϱ͘ϴϴ ϰ͘ϵϵ Ϯ͘ϰϭ      Ϯ͘ϯϬ Ϭ͘ϲϰ Ϭ͘ϴϭ Ϭ͘ϳϭ Ϭ͘ϱϮ Ϯ͘ϱϮ͘ϰ 
B ϱ͘ϭϰ ϰ͘ϱϯ Ϯ͘ϯϮ      ϭ͘ϵϱ Ϭ͘ϲϯ Ϭ͘ϴϰ Ϭ͘ϱϭ Ϭ͘ϰϲ Ϯ͘ϬϮ͘ϰ 
C ϰ͘ϯϰ ϰ͘ϰϮ Ϯ͘ϭϰ      ϭ͘ϭϵ Ϭ͘ϯϳ Ϭ͘ϴϴ Ϭ͘ϱϭ Ϭ͘ϱϰ Ϯ͘ϬϮ͘ϰ 
SE Ϭ͘ϱϲ Ϭ͘ϱϲ Ϭ͘ϭϱ      Ϭ͘ϭϱ Ϭ͘ϭϱ Ϭ͘ϭϱ Ϭ͘Ϭϳ Ϭ͘Ϭϳ Ϭ͘Ϭϱ                    Ϭ͘Ϭϱ 
Main effects  
Group 
     
A ϱ͘ϭϰ± Ϭ͘ϳϴ Ϯ͘ϯϲ± Ϭ͘ϭϵ Ϭ͘ϳϰ± Ϭ͘ϮϮ Ϭ͘ϲϮ± Ϭ͘ϭϯ Ϯ͘ϰ± Ϭ͘Ϭϲa 
B ϰ͘ϴϰ± Ϭ͘ϲϮ Ϯ͘ϭϰ± Ϭ͘ϯϭ Ϭ͘ϳϮ± Ϭ͘ϭϴ Ϭ͘ϰϵ± Ϭ͘Ϭϯ Ϯ͘Ϯ± Ϭ͘Ϭϲb 
C ϰ͘ϯϴ± Ϭ͘Ϭϳ Ϯ͘Ϭϯ± Ϭ͘ϭϰ Ϭ͘ϲϮ± Ϭ͘ϯϱ Ϭ͘ϱϮ± Ϭ͘ϭϯ Ϯ͘Ϯ± Ϭ͘Ϭϲb 
Sig N S N S N S N S * 
Sex     
Male ϱ͘ϭϮ± Ϭ͘ϯϮ Ϯ͘Ϯϵ± Ϭ͘Ϭϴ Ϭ͘ϱϱ± Ϭ͘Ϭϵ Ϭ͘ϱϴ± Ϭ͘Ϭϰ Ϯ͘Ϯ± Ϭ͘Ϭϱ 
Female ϰ͘ϲϱ ± Ϭ͘ϯϮ Ϯ͘Ϭϱ± Ϭ͘Ϭϴ Ϭ͘ϴϰ± Ϭ͘Ϭϵ Ϭ͘ϱϭ± Ϭ͘Ϭϰ Ϯ͘ϰ± Ϭ͘Ϭϱ 
Sig N S N S ** N S * 
Interaction     
  Group X sex N S * N S N S N S 
 






Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϭϭϬ 
 
 
ƉƉĞŶĚŝǆ;ϰ): Wholesale cuts weight as percentage of the half carcass wt 
Group            
                       Sex 
Neck wt %                
male                   female 
        Shoulder wt % 
Male                    female 
  Fore shank wt % 
male            female
       Breast wt % 
Male                   female
        Rack wt %         
Male                 Female    
        Loin wt % 
Male                  Female 
A ϴ͘ϴ ϴ͘ϰ ϭϰ͘Ϯϱ    ϭϰ͘ϰϵ ϭϭ͘ϳϱ ϭϮ͘Ϭϱ ϲ͘ϲϬ   ϳ͘ϳϬ ϳ͘ϵϱϴ͘ϵϱ ϳ͘ϭϱϳ͘ϭϬ 
B ϴ͘ϲϱ ϴ͘ϰϱ ϭϱ͘ϲ    ϭϰ͘ϵϱ ϭϭ͘ϳϱ ϭϭ͘ϴϱ ϱ͘ϴϬ   ϳ͘ϱϬ ϴ͘ϵϬϵ͘ϬϬ ϳ͘ϱϬϲ͘ϴϬ 
C ϴ͘ϵ ϳ͘ϱ ϭϱ͘ϬϬ    ϭϰ͘ϭϱ ϭϮ͘ϯϬ ϭϮ͘ϱϱ ϲ͘ϱϱ   ϳ͘ϰϬ ϴ͘ϵϬϴ͘ϰϬ ϲ͘ϰϬϲ͘ϵϬ 
SE Ϭ͘ϭϯϲ Ϭ͘ϭϯϲ Ϭ͘ϲϭ    Ϭ͘ϲϭ Ϭ͘ϭϮ Ϭ͘ϭϮ Ϭ͘Ϯϳ   Ϭ͘Ϯϳ Ϭ͘ϲϲϬ͘ϲϲ Ϭ͘ϮϳϬ͘Ϯϳ 
Main effects  
Group 
      
A ϴ͘ϲϬ± Ϭ͘ϭϲϳ ϭϰ͘ϲϬ± Ϭ͘ϳϱ ϭϭ͘ϵϬ± Ϭ͘ϭϰb ϳ͘ϭϯ± Ϭ͘ϯϰ ϴ͘ϰϱ± Ϭ͘ϴϭ ϳ͘ϭϯ± Ϭ͘ϯϯ 
B ϴ͘ϱϱ± Ϭ͘ϭϲϳ ϭϱ͘ϭϴ± Ϭ͘ϳϱ ϭϭ͘ϱϬ± Ϭ͘ϭϰc ϲ͘ϲϱ± Ϭ͘ϯϰ ϴ͘ϵϱ± Ϭ͘ϴϭ ϳ͘ϭϱ± Ϭ͘ϯϯ 
C ϴ͘ϮϬ± Ϭ͘ϭϲϳ   ϭϱ͘Ϭϴ± Ϭ͘ϳϱ ϭϮ͘ϰϯ± Ϭ͘ϭϰa ϳ͘ϬϬ± Ϭ͘ϯϰ ϴ͘ϲϱ± Ϭ͘ϴϭ ϲ͘ϲϱ± Ϭ͘ϯϯ 
Sig N S N S * N S N S N S 
Sex      
Male ϴ͘ϳϴ±  Ϭ͘ϭϯϲ ϭϱ͘Ϯϵ± Ϭ͘ϲϭ ϭϭ͘ϳϯ± Ϭ͘ϭϮ ϲ͘ϯϮ± Ϭ͘Ϯϳ ϴ͘ϱϴ± Ϭ͘ϲϲ ϳ͘ϬϮ± Ϭ͘Ϯϳ 
Female ϴ͘ϭϮ± Ϭ͘ϭϯϲ ϭϰ͘ϲϵ± Ϭ͘ϲϭ ϭϮ͘ϭϱ± Ϭ͘ϭϮ ϳ͘ϱϮ± Ϭ͘Ϯϳ ϴ͘ϳϴ± Ϭ͘ϲϲ ϲ͘ϵϯ± Ϭ͘Ϯϳ 
Sig * N S * * N S N S 
Interaction      
  Group X sex N S N S N S N S N S N S 
 





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ƉƉĞŶĚŝǆ;ϰ) continues. 
Group            
                       sex 
 Sirloin wt %       
Male            Female 
Flank wt %         
Male              female 
     Leg wt %         
male           female 
A ϲ͘ϱϱ      ϳ͘ϭϱ Ϯ͘ϯϬ       Ϯ͘ϱϬ Ϯϲ͘Ϭϱ         Ϯϱ͘ϵϬ 
B ϳ͘Ϭϱ     ϳ͘ϰϱ Ϯ͘ϬϬ        ϯ͘ϱϬ Ϯϰ͘ϯϱ         Ϯϰ͘ϭϱ 
C ϲ͘ϯϬ    ϳ͘ϳϬ ϯ͘ϬϬ        Ϯ͘ϲϱ Ϯϱ͘ϭϬ         Ϯϰ͘ϵϬ 
SE Ϭ͘ϮϬ   Ϭ͘ϮϬ Ϭ͘ϭϰ         Ϭ͘ϭϰ Ϭ͘ϱϱ         Ϭ͘ϱϱ 
Main effects  
Group 
   
A ϲ͘ϴϱ± Ϭ͘Ϯϱ Ϯ͘ϰϬ± Ϭ͘ϭϳϭ Ϯϲ͘ϬϬ± Ϭ͘ϲϳ 
B ϳ͘Ϯϱ± Ϭ͘Ϯϱ Ϯ͘ϳϱ± Ϭ͘ϭϳϭ Ϯϰ͘Ϯϱ± Ϭ͘ϲϳ 
C ϳ͘ϬϬ± Ϭ͘Ϯϱ Ϯ͘ϴϯ± Ϭ͘ϭϳϭ Ϯϱ͘ϬϬ± Ϭ͘ϲϳ 
Sig N S N S N S 
Sex   
Male ϲ͘ϲϯ± Ϭ͘ϮϬ Ϯ͘ϰϯ± Ϭ͘ϭϰ Ϯϱ͘ϭϳ± Ϭ͘ϱϱ 
Female ϳ͘ϰϯ± Ϭ͘Ϯa Ϯ͘ϲϲ± Ϭ͘ϭϰ Ϯϱ͘ϬϬ± 0.55 
Sig * N S N S 
Interaction    
  Group X sex N S * N S 
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ϭϭϮ 
 
 
Appendix (ϱ): fat weights of the whole sale cuts  
Group            
                       Sex 
       Rack  fat  wt gm         
male                  female 
Loin fat   wt gm               
Male                    female 
 Flank fat    wt gm    
  male               female  
     Shoulder fat wt gm 
Male                   female
      Neck    fat  wt gm     
Male                 Female 
       Leg   fat  wt gm        
Male                female 
A ϮϬ͘ϴ ϯϴ͘Ϭ ϭϲ͘ϴ ϯϰ͘ϱ ϭϭ͘ϱ Ϯϯ͘ϱ ϱϯ͘ϯ ϳϱ͘ϱ ϭϭ͘ϯϯϯ͘ϱ ϵϮ͘ϱ                ϳϴ͘ϱ 
B ϭϲ͘ϴ ϰϬ͘ϯ Ϯϱ͘Ϭ Ϯϱ͘ϴ ϭϲ͘ϯ ϭϬ͘ϱ ϱϯ͘Ϭ ϲϰ͘Ϭ Ϯϵ͘ϯϯϲ͘ϱ ϴϴ͘ϬϭϬϮ͘Ϭ 
C Ϯϴ͘ϯ       Ϯϳ͘ϱ ϳ͘ϱ Ϯϰ͘ϱ ϭϭ͘ϱ ϭϭ͘Ϭ ϯϲ͘ϯ ϱϳ͘ϱ ϭϰ͘ϱϰϬ͘ϱ ϰϳ͘ϯϭϭϬ͘Ϭ 
SE ϴ͘ϯ ϴ͘ϯ ϱ͘ϯ ϱ͘ϯ ϳ͘Ϯ ϳ͘Ϯ ϭϬ͘ϯ ϭϬ͘ϯ ϴ͘ϵϴ͘ϵ ϭϬ͘ϱϭϬ͘ϱ 
Main effects  
Group 
      
A Ϯϵ͘ϰ± ϭϮ͘ϵ Ϯϱ͘ϲ± ϭϬ͘ϴ ϭϳ͘ϱ± Ϯϳ͘ϱ ϲϰ͘ϰ± Ϯϴ͘ϵ ϮϮ͘ϰ± Ϯϰ͘ϴ ϴϱ͘ϱ± Ϯϱ͘ϱ 
B Ϯϴ͘ϱ± ϭϳ͘ϯ Ϯϱ͘ϰ± ϭϳ͘Ϭ ϭϯ͘ϰ± ϯ͘ϱ ϱϴ͘ϱ± ϭϮ͘ϳ ϯϮ͘ϵ± ϭϲ͘ϰ ϵϱ͘Ϭ ± Ϯϭ͘ϲ 
C Ϯϳ͘ϵ± Ϯϱ͘ϲ ϭϲ͘ϭ± ϭϭ͘ϵ ϭϭ͘ϯ± ϵ͘ϰ ϰϲ͘ϵ± Ϯϰ͘ϵ Ϯϳ͘ϱ± Ϯϭ͘ϲ ϳϴ͘ϲ± ϯϵ͘ϴ 
Sig N S N S N S N S N S N S 
Sex      
Male Ϯϭ͘ϵ ± ϭϱ͘ϵ ϭϲ͘ϰ± ϭϯ͘Ϭ ϭϱ͘ϭ±  Ϯϯ͘ϭ ϰϳ͘ϱ± ϮϮ͘ϲ ϭϴ͘ϯ ± ϭϰ͘ϳ ϳϱ͘ϵ± Ϯϳ͘ϱ 
Female ϯϱ͘ϯ± ϭϳ͘ϳ Ϯϴ͘ϯ± ϭϬ͘ϵ ϮϮ͘ϱ± ϯ͘Ϯ ϲϱ͘ϳ± Ϯϰ͘ϵ ϯϲ͘ϴ ± ϮϬ͘ϴ ϵϲ͘ϴ± Ϯϲ͘ϳ 
Sig N S N S N S N S NS N S 
Interaction      
  Group X sex N S N S NS NS N S N S 

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ƉƉĞŶĚŝǆ;ϱ)Continue 
   
Group            
                       Sex 
    Fore shank fat wt gm  
male                  female 
Breast fat  wt gm             
Male                    female 
Sirloin  fat  wt gm     
male               female   
A ϮϬ͘Ϭ ϯϱ͘ϱ ϲϬ͘ϯ         ϱϯ͘ϴ Ϯϵ͘ϯ ϰϵ͘ϱ 
B ϯϬ͘ϴ ϯϰ͘ϯ ϱϯ͘Ϭ         ϲϮ͘Ϭ ϭϰ͘ϯ ϰϱ͘ϱ 
C ϭϰ͘ϯ ϯϭ͘Ϭ Ϯϳ͘ϴ         ϲϮ͘Ϭ Ϯϭ͘ϯ ϱϵ͘Ϭ 
SE ϱ͘ϳ ϱ͘ϳ ϳ͘Ϭ         ϳ͘Ϭ ϰ͘ϯ ϰ͘ϯ 
Main effects  
Group 
   
A Ϯϳ͘ϴ± ϵ͘ϭ ϱϳ͘Ϭ± ϲ͘ϭ ϯϵ͘ϰ± ϭϰ͘ϯ 
B ϯϮ͘ϲ± ϭϮ͘ϰ ϱϳ͘ϱ± Ϯϭ͘ϱ Ϯϵ͘ϵ± ϮϬ͘ϳ 
C ϮϮ͘ϲ± ϭϴ͘ϯ ϰϰ͘ϵ± ϮϮ͘ϴ ϯϴ͘ϲ± Ϯϭ͘ϯ 
Sig N S N S N S 
Sex   
Male Ϯϭ͘ϳ± ϭϰ͘ϴ ϰϳ͘Ϭ± Ϯϭ͘ϱ Ϯϭ͘ϲ± ϳ͘ϰ 
Female ϯϯ͘ϲ± ϴ͘ϴ ϱϵ͘ϯ ± ϭϭ͘ϵ ϱϬ͘ϯ± ϭϮ͘ 
Sig N S N S ** 
Interaction   
  Group X sex N S N S N S 
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AƉƉĞŶĚŝǆ;ϲ): Muscles weights (gm) of the whole sale cuts 
Group           
                       Sex 
Rack muscle wt gm      
male                  female 
Loin muscle wt g              
 Male                    female 
 Flank muscle wt gm 
male       female          
 Shoulder muscle wt gm 
Male                   female
Neck  muscle wt gm  
Male                 Female 
Leg  muscle wt gm     
Male                female 
A ϮϮϬ͘ϯ ϮϬϱ͘ϱ Ϯϱϱ͘ϱ ϭϴϴ͘ϴ ϭϭϲ͘ϱ ϳϯ͘ϯ ϰϳϲ͘ϴ ϰϯϲ͘Ϭ Ϯϲϯ͘ϯϮϬϯ͘ϴ ϵϯϱ͘ϱϳϲϱ͘ϯ 
B Ϯϭϭ͘ϰ ϭϴϯ͘ϴ ϮϬϱ͘Ϭ ϭϳϳ͘ϴ ϱϭ͘ϯ ϳϴ͘ϱ ϰϲϰ͘ϱ ϯϳϰ͘Ϭ ϮϮϭ͘ϴϭϴϰ͘ϱ ϳϴϭ͘ϱϲϲϮ͘Ϭ 
C ϭϴϱ͘Ϭ ϭϳϬ͘Ϭ ϭϳϮ͘Ϭ ϭϲϴ͘ϴ ϲϯ͘ϲ ϲϲ͘ϱ ϯϴϴ͘Ϭ ϯϴϬ͘ϴ ϭϵϯ͘ϬϭϲϮ͘Ϭ ϲϱϯ͘ϬϲϴϮ͘ϱ 
SE ϭϲ͘Ϭ ϭϲ͘Ϭ ϭϭ͘Ϭ ϭϭ͘Ϭ ϭϳ͘ϴ ϭϳ͘ϴ ϯϰ͘ϱ ϯϰ͘ϱ ϭϱ͘Ϯϭϱ͘Ϯ ϱϯ͘ϰϱϯ͘ϰ 
Main effects  
Group 
      
A ϮϭϮ͘ϵ± ϰϬ͘Ϯ ϮϮϮ͘ϭ± ϰϵ͘ϰ ϵϰ͘ϵ± ϲϱ͘ϴ ϰϱϲ͘ϰ± ϭϬϰ͘ϲ Ϯϯϯ͘ϱ± ϲϭ͘ϯ ϴϱϬ͘ϱ± ϭϵϰ͘ϱ 
B ϭϵϳ͘ϲ± ϯϮ͘ϯ ϭϵϭ͘ϰ± Ϯϳ͘ϰ ϲϰ͘ϵ± ϭϲ͘Ϯ ϰϭϵ͘ϯ± ϳϯ͘ϴ ϮϬϯ͘ϭ± Ϯϱ͘ϰ ϳϮϭ͘ϴ± ϵϴ͘ϲ 
C ϭϳϳ͘ϱ± Ϯϴ͘ϯ ϭϳϬ͘ϰ± ϴ͘ϲ ϲϰ͘ϵ± ϵ͘ϱ ϯϴϰ͘ϰ± ϯϯ͘ϴ ϭϳϳ͘ϱ± ϭϴ͘ϭ ϲϲϳ͘ϴ± ϯϳ͘ϲ 
Sig N S   N S N S N S N S N S 
Sex      
Male ϮϬϱ͘ϲ± ϰϬ͘Ϭ ϮϭϬ͘ϴ± ϯϵ͘ϲ ϳϳ͘Ϭ± ϱϱ͘ϵ ϰϰϯ͘ϭ± ϳϴ͘Ϭ ϮϮϲ͘Ϭ± ϰϭ͘ϴ ϳϵϬ͘Ϭ± ϭϰϭ͘ϭ 
Female ϭϴϲ͘ϰ± Ϯϳ͘ϳ ϭϳϴ͘ϰ± Ϯϵ͘Ϭ ϳϮ͘ϴ± ϭϮ͘ϱ ϯϵϲ͘ϵ± ϳϮ͘ϰ ϭϴϯ͘ϰ± ϯϱ͘ϱ ϳϬϯ͘ϯ± ϭϯϳ͘ϵ 
Sig N S N S N S N S N S N S 
Interaction      
  Group X sex N S N S N S N S N S N S 
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ƉƉĞŶĚŝǆ;ϲ) continue

Group            
                       Sex 
Fore shank muscle wtg 
male                  female 
Breast muscle wt gm     
Male                    female
Sirloin  muscle wt gm 
  male             female   
A   ϯϱϱ͘ϱ Ϯϵϲ͘ϯ ϭϲϭ͘Ϭ ϭϰϱ͘ϴ Ϯϭϴ͘ϵ ϭϴϭ͘ϴ 
B Ϯϵϱ͘ϯ ϮϴϮ͘Ϭ ϭϮϰ͘ϴ ϭϰϬ͘ϴ Ϯϭϱ͘ϯ ϭϴϮ͘ϯ 
C Ϯϲϲ͘ϴ Ϯϳϳ͘ϯ ϭϭϲ͘ϯ ϭϮϬ͘ϱ ϭϱϱ͘ϯ ϭϳϴ͘Ϭ 
SE Ϯϭ͘Ϭ Ϯϭ͘Ϭ ϭϭ͘Ϯ ϭϭ͘Ϯ ϭϯ͘ϭ ϭϯ͘ϭ 
Main effects  
Group
   
A ϯϮϱ͘ϰ± ϳϮ͘ϰ ϭϱϯ͘ϰ± Ϯϱ͘ϱ ϮϬϬ͘ϴ± ϯϴ͘ϳ 
B Ϯϴϴ͘ϲ± ϯϰ͘Ϭ ϭϯϮ͘ϴ± Ϯϯ͘ϴ ϭϵϴ͘ϴ± ϯϭ͘ϲ 
C ϮϳϮ͘Ϭ± ϭϯ͘ϰ ϭϭϴ͘ϰ± Ϯϭ͘ϯ ϭϲϲ͘ϲ± ϭϱ͘ϱ 
Sig N S N S N S 
Sex   
Male ϯϬϱ͘ϴ± ϱϮ͘ϳ ϭϯϰ͘Ϭ± Ϯϵ͘Ϭ ϭϵϲ͘ϴ± ϯϲ͘Ϭ 
Female Ϯϴϱ͘Ϯ± ϰϲ͘ϭ ϭϯϱ͘ϳ± Ϯϱ͘ϱ ϭϴϬ͘ϳ± Ϯϳ͘ϵ 
Sig N S  N S N S 
Interaction   
  Group X sex N S N S * 
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ƉƉĞŶĚŝǆ;ϳ): Bone weights of the whole sale cuts  
 
Group            
                       Sex
Rack  bone  wt gm                 
male                  female 
Loin bone  wt gm           
    Male                    
female 
Flank bone wt gm     
 male               female 
  
 Shoulder bone wt gm 
Male                   female
Neck bon  wt gm     
Male                 
Female 
Leg  bone wt gm        
Male                female 
A ϭϰϬ͘ϴ ϭϮϯ͘ϯ ϳϱ͘ϯ ϲϱ͘ϴ ϬϬ͘Ϭ ϬϬ͘Ϭ ϭϲϲ͘ϱ ϭϱϭ͘ϱ ϭϭϱ͘ϱϭϭϬ͘Ϭ ϯϮϲ͘ϯϯϬϴ͘ϱ 
B ϭϱϯ͘ϱ ϭϭϳ͘ϴ ϴϬ͘ϴ ϲϱ͘ϯ ϬϬ͘Ϭ ϬϬ͘Ϭ ϭϳϲ͘Ϭ ϭϯϬ͘ϱ ϭϮϲ͘ϯϭϬϬ͘Ϭ ϮϳϮ͘ϱϮϰϮ͘ϯ 
C ϭϮϲ͘ϴ ϭϮϭ͘ϯ ϱϭ͘ϱ ϲϲ͘ϱ ϬϬ͘Ϭ ϬϬ͘Ϭ ϭϱϲ͘ϱ ϭϭϲ͘ϱ ϭϮϯ͘ϱϴϵ͘ϱ Ϯϳϲ͘ϬϮϰϲ͘Ϭ 
SE ϴ͘ϭ ϴ͘ϭ ϱ͘ϭ ϱ͘ϭ ϬϬ͘Ϭ ϬϬ͘Ϭ ϭϰ͘ϴ ϭϰ͘ϴ ϲ͘ϯϲ͘ϯ ϭϮ͘ϴϭϮ͘ϴ 
Main effects  
Group 
      
A ϭϯϮ͘ϱ± Ϯϰ͘ϲ ϳϬ͘ϱ± ϭϰ͘ϱ ϬϬ͘Ϭ ϭϱϵ͘Ϭ± ϰϰ͘ϯ ϭϭϮ͘ϴ± ϱ͘ϵϬ ϯϭϳ͘ϰ± ϯϳ͘ϭ 
B ϭϯϱ͘ϳ± Ϯϱ͘ϱ ϳϮ͘ϱ± ϭϯ͘ϱ ϬϬ͘Ϭ ϭϱϯ͘ϯ± ϯϲ͘ϵ ϭϭϯ͘ϯ± Ϯϰ͘ϲ Ϯϱϳ͘ϰ± ϯϬ͘ϯ 
C ϭϮϰ͘Ϭ±  ϴ͘ϲ ϱϵ͘Ϭ± ϭϬ͘ϵ ϬϬ͘Ϭ ϭϯϲ͘ϱ± Ϯϰ͘ϭ ϭϬϲ͘ϱ ± Ϯϭ͘ϰ Ϯϲϭ͘Ϭ ± ϭϵ͘ϰ 
Sig N S N S  N S N S N S 
Sex      
Male ϭϰϬ͘ϯ± ϭϲ͘ϴ ϲϵ͘Ϯ± ϭϴ͘ϱ ϬϬ͘Ϭ ϭϲϲ͘ϯ± ϯϰ͘ϱ ϭϮϭ͘ϴ± ϲ͘ϴa Ϯϵϭ͘ϲ± ϯϱ͘ϱ 
Female ϭϮϬ͘ϴ ± ϭϴ͘ϰ ϲϱ͘ϱ± ϲ͘ϲ ϬϬ͘Ϭ ϭϯϮ͘ϴ± Ϯϲ͘ϰ ϵϵ͘ϴ± ϭϴ͘ϲb Ϯϲϱ͘ϲ± ϰϭ͘ϴ 
Sig N S N S  N S * N S 
Interaction       
  Group X sex N S N S  N S N S N S 










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ƉƉĞŶĚŝǆ;ϳ) continue

Group            
                       Sex 
Fore shank bone wt g 
male                  female 
Breast  bone  wt gm      
Male                    female 
Sirloin bone wt gm    
  male               female
A ϭϵϵ͘ϴ     ϭϵϭ͘ϱ ϭϬϵ͘ϯ       ϭϭϳ͘ϴ ϳϯ͘Ϭ  ϴϭ͘ϱ 
B ϭϳϳ͘ϴ     ϭϲϭ͘ϱ ϴϵ͘ϴ        ϴϱ͘ϴ ϴϱ͘ϴ  ϳϮ͘ϯ 
C ϭϴϬ͘ϯ    ϭϲϯ͘ϯ ϵϴ͘Ϭ        ϵϰ͘ϯ ϲϬ͘ϯ  ϳϰ͘ϴ 
SE ϴ͘ϲ ϴ͘ϲ ϱ͘ϱ          ϱ͘ϱ Ϯ͘ϯ  Ϯ͘ϯ 
Main effects  
Group 
   
A ϭϵϱ͘ϲ± Ϯϯ͘ϰ ϭϭϯ͘ϱ± ϭϬ͘ϲ ϳϳ͘ϯ± ϲ͘Ϭ 
B ϭϲϵ͘ϳ± ϮϬ͘Ϭ ϴϳ͘ϴ± ϭϲ͘ϯ ϳϵ͘Ϭ± ϭϬ͘ϱ 
C ϭϳϭ͘ϴ± ϭϭ͘ϵ ϵϲ͘ϭ± ϯ͘ϳ ϲϳ͘ϱ ± ϴ͘ϱ 
Sig N S N S N S 
Sex   
Male ϭϴϱ͘ϵ± ϭϴ͘ϲ ϵϵ͘Ϭ± ϭϭ͘ϱ ϳϯ͘Ϭ± ϭϮ͘ϱ 
Female ϭϳϮ͘ϭ± Ϯϯ͘ϭ ϵϵ͘ϯ± ϭϵ͘ϱ ϳϲ͘Ϯ± ϵ͘ϰ 
Sig N S N S N S 
Interaction    
  Group X sex N S N S * 
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Appendix (ϴ): Trim weights of the whole sale cuts  
Group            
                       Sex 
       Rack  trim  wt gm         
male                  female 
Lion trim  wt gm              
 Male                    female 
 Flank trim wt gm 
Male       Female          
     Shoulder trim wt gm 
Male                   female
     Neck  trim  wt gm     
Male                 Female 
       Leg  trim wt gm        
Male                female 
A ϯϮ͘Ϭ Ϯϭ͘Ϭ Ϯϯ͘ϯ ϮϬ͘Ϭ ϯϲ͘ϱ ϯϬ͘ϯ ϲϮ͘Ϭ Ϯϲ͘Ϭ ϲϴ͘ϱϯϴ͘ϴ ϯϵ͘ϯϱϯ͘ϱ 
B ϯϭ͘ϴ ϮϬ͘ϴ ϭϲ͘ϱ ϭϳ͘Ϭ ϯϳ͘ϯ ϱϭ͘ϱ ϰϮ͘ϱ ϰϰ͘ϴ ϯϯ͘ϴϮϳ͘ϴ ϯϮ͘ϴϭϴ͘ϴ 
C Ϯϰ͘ϴ ϰϰ͘ϴ ϮϬ͘Ϭ Ϯϵ͘ϵ ϰϮ͘ϱ ϰϰ͘ϯ ϯϴ͘ϴ ϯϬ͘ϱ Ϯϱ͘ϬϮϯ͘ϱ ϯϯ͘ϱϮϳ͘ϴ 
SE ϳ͘ϳ ϳ͘ϳ ϰ͘Ϭ ϰ͘Ϭ ϰ͘ϴ ϰ͘ϴ ϲ͘ϵ ϲ͘ϵ Ϯ͘ϳϮ͘ϳ ϯ͘ϰϯ͘ϰ 
Main effects  
Group 
      
A Ϯϲ͘ϱ± ϮϬ͘ϱ Ϯϭ͘ϲ± ϱ͘ϯ ϯϯ͘ϰ± ϭϯ͘ϭ ϰϰ͘Ϭ± Ϯϭ͘ϭ ϱϯ͘ϲ± ϭϵ͘Ϭa ϰϲ͘ϰ± ϭϯ͘ϵa 
B Ϯϲ͘ϯ± ϭϬ͘ϭ ϭϲ͘ϴ± ϳ͘ϱ             ϰϰ͘ϰ± ϭϭϮ ϰϯ͘ϲ± ϭϭ͘ϵ ϯϬ͘Ϭ± Ϯ͘Ϭb Ϯϱ͘ϴ± ϴ͘ϯb 
C ϯϰ͘ϴ± ϮϬ͘Ϭ Ϯϰ͘ϵ± ϭϭ͘ϵ ϰϯ͘ϰ± ϳ͘ϰ ϯϰ͘ϲ± ϮϬ͘ϵ Ϯϰ͘ϯ± ϭ͘ϵc ϯϬ͘ϲ± ϯ͘ϴb 
Sig N S N S N S N S ** * 
Sex      
Male Ϯϵ͘ϱ± ϭϰ͘ϰ ϭϵ͘ϵ± ϳ͘ϳ ϯϴ͘ϴ± ϭϮ͘ϲ ϰϳ͘ϴ± ϭϵ͘ϴ ϰϮ͘ϰ± ϮϬ͘ϴ ϯϱ͘ϯ± ϰ͘ϭ 
Female Ϯϴ͘ϴ± ϭϵ͘ϱ ϮϮ͘ϯ± ϭϬ͘Ϭ ϰϮ͘Ϭ± ϭϬ͘Ϯ ϯϯ͘ϴ± ϭϮ͘ϯ ϯϬ͘Ϭ± ϵ͘ϴ ϯϯ͘Ϯ± ϭϴ͘Ϯ 
Sig N S N S N S N S ** N S 
Interaction      
  Group X sex N S N S N S N S * N S 
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Appendix (ϴ) continue 
Group            
                       Sex 
Fore shank trim wt gm     
male                  female 
Breast trim wt g               
Male                    female 
Sirloin trim wt gm      
male               female   
A ϰϳ͘ϴ ϯϮ͘ϱ ϭϴ͘ϴ Ϯϳ͘Ϭ ϭϱ͘ϱ ϭϭ͘ϴ 
B ϭϴ͘ϴ ϭϮ͘ϱ ϭϯ͘ϱ Ϯϲ͘Ϭ Ϯϴ͘ϯ ϭϭ͘ϯ 
C Ϯϯ͘ϴ ϱϮ͘ϴ ϭϳ͘Ϭ Ϯϴ͘Ϭ ϲ͘ϯ ϭϭ͘ϱ 
SE ϰ͘ϰ ϰ͘ϰ ϯ͘ϳ ϯ͘ϳ ϭ͘ϴ ϭ͘ϴ 
Main effects  
Group 
   
A ϰϬ͘ϭ± ϴ͘ϵa ϮϮ͘ϵ± ϳ͘ϲ ϭϯ͘ϳ± Ϯ͘ϳb 
B ϭϱ͘ϲ± ϱ͘ϵb ϭϵ͘ϴ± ϴ͘Ϭ ϭϵ͘ϴ± ϭϭ͘Ϭa 
C ϯϴ͘ϯ± ϮϮ͘ϭa ϮϮ͘ϱ± ϭϮ͘ϲ ϴ͘ϵ± ϱ͘Ϭc 
Sig * N S * 
Sex    
Male ϯϬ͘ϭ± ϭϲ͘Ϯ ϭϲ͘ϰ± ϯ͘ϴ ϭϲ͘ϳ± ϭϬ͘ϲ 
Female ϯϮ͘ϲ± ϭϵ͘ϴ Ϯϳ͘Ϭ± ϵ͘ϲ ϭϭ͘ϱ± ϲ͘ϰ 
Sig N S N S N S 
Interaction   
  Group X sex N S N S * 
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